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Ahsap sandalyelerde ara kayit elemani kesit dlciileri ve lokasyonunun
mukavemet Uzerindeki etkilerinin deneysel ve nimerik analizi

Ali Kasal*>', Tbrahim Sedat Yavuz =1, Tolga Kuskun*

OZ: Bu cahismada, yan cercevelerinde ara kayit elemani olmayan ve farkli kesit dlgiileri ve
lokasyonlarda ara kayit elemani barindiran ahsap sandalyelerin onden arkaya yiikleme
altindaki performanslar1 deneysel ve niimerik olarak incelenmistir. Sandalyelerin Gretiminde
Tirkiye mobilya endistrisinde yaygin olarak kullanilan Sarigcam (Pinus sylvestris L.) tercih
edilmigtir. Sandalyelerin yan gergevelerinde, ara kayit elemani igin farkl kesit olgiileri ve
lokasyonlar kullanilmis olup en wuygun kesit Olglileri ve lokasyon belirlenmistir.
Birlestirmelerde polivinilasetat (PVAc) tutkali kullanilmistir. Buna gore, 3 farkl kesit 6l¢iisi,
2 farkli lokasyon, ara kayitsiz kontrol 6rnegi ve her drnekten 3 yineleme olmak uzere toplam
21 adet gergek dlgiilerde ahsap sandalye hazirlanmis ve devirli yikleme metoduna gére 6nden
arkaya yonde test edilmistir. Daha sonra, bilgisayar destekli i¢ boyutlu niimerik analizler
yapilmis ve yan g¢ergeve birlestirmelerindeki moment dagilimlar1 ve egilme gerilmeleri analiz
edilmistir. Calismanin sonuglarma gore; ara kayit elemanmin varhigi ve kesit olgllerinin
artmas1 onden arkaya kuvvet tasima kapasitesini ortalama %48 artirmustir. Bununla birlikte,
ara kayit elemanmnin yerden yiiksekliginin 100 mm’den 200 mm’ye c¢ikarilmasinin ise
mukavemet degerlerinde sadece %5 artis sagladig1 goriilmiistiir. Ayrica, niimerik analizlerden
elde edilen sonuglarin, gercek deneylerdeki deformasyon karakteristikleri tutarli oldugu
gorilmiistiir.

Anahtar kelimeler: Sandalye, Mobilya Performans Testleri, Nimerik Analiz

Experimental and numerical analysis of effects of the cross section size and location of
stretcher on the strength of wooden chairs

ABSTRACT: In this study, performance of wooden chairs without stretcher in their side
frames and containing stretcher in different cross section sizes and locations was investigated
experimentally and numerically. In preparing of chairs, Scotch pine (Pinus sylvestris L.),
which is widely used in Turkish furniture industry was utilized. In the side frames, different
cross section sizes and different locations were used for stretcher and the most suitable cross
section size and location were determined. Polyvinylacetate (PVAc) was used in gluing.
Accordingly, 21 real size chairs were prepared, consisting of 3 cross section sizes, 2 locations,
control chair and 3 replications from each, and tested in front to back direction under cyclic
loading. Then, numerical analyses were performed and moment distributions and bending
stresses in the joints were analyzed. According to results; presence of stretcher and the
increase of cross section size increased the loading capacity by average 48%. However,
increasing the height of stretcher from 100 to 200 mm from the ground provided 5% increase
in strength. It was seen that results obtained from numerical analysis were consistent with
experimental failures.

Keywords: Chair, Furniture Performans Tests, Numerical Analysis
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1 Giris

Mobilya miihendisligi, bir¢ok iilkede oldugu gibi Tiirkiye'de de hala sistematik bir
yaklagim olarak benimsenmemis nispeten yeni bir kavramdir. Mobilya elemanlarinin
tasariminda, birlestirme yontemlerinin ve baglanti elemanlarinin 6lgiileri genellikle estetik
kaygilar ve ge¢mis tecriibeler dogrultusunda belirlenmis, matematiksel teorilere dayali bir
analiz  yapimamustir (Kasal, 2004). Muhendislik streclerinin  metodolojik olarak
uygulanmasi, mobilyalarin sadece estetik ve islevsel agidan degil, ayn1 zamanda dayaniklilik
ve giivenlik gibi kriterler agisindan da optimize edilmesine olanak taniyacaktir. Ozellikle,
malzeme bilimi ve miithendislik analizi sayesinde, mobilyalarm kullanim 6mrii, dayanikliligi

ve performansi artirilabilir. Sistemin bilimsel bir temele oturtulmasi, sektorde yenilik¢iligi ve
kaliteyi tesvik edecek 6nemli bir adimdir (Efe, 1994; Eckelman, 2003; Kasal, 2004).

Mobilyalarin saglamligna iliskin olarak, sandalye yan cercevelerinde ara kayit elemaninin
varligi, kesit ol¢tileri ve lokasyonunun belirlenmesiyle ilgili yapilan ¢aligmalarin sinirli sayida
oldugu goriilmektedir. Masif ve ahsap esashi levhalardan dretilen koltuk iskeletlerinin
performansi deneysel ve niimerik olarak (RISA, 3D) incelenmis; gergcek deneylerle yapisal
analizlerden elde edilen sonuclarin tutarli oldugu, ayrica koltuk iskeleti {iretiminde ahsap
esasli levhalarin kullanilabilecegi belirtilmistir (Kasal ve ark., 2006). Endustriden tesadufi
yontemle temin edilen farkli modellerdeki sandalyelerin performans test sonuglariyla ciddi bir
veri tabani elde edilmis ve ayni amag i¢in iiretilen sandalye modelleri arasinda onemli
mukavemet farkliliklar1 oldugu belirlenmistir (Efe ve ark., 2015). Farkli ara Kkayit
konumlarindaki sandalye yan cercevelerinin sonlu elemanlar analizinin COSMOSWorks
programinda yapildg1 calismada; sonlu elemanlar modellerinin gercek deneylerden elde edilen
davranisa yakin degerler verdigi, ayrica sandalye yan cercevelerinde ara kayit elemani
kullaniminin gerilme ve deformasyonlar1 azalttig1 bildirilmistir (Yilmaz ve Giintekin, 2015).
Aydin ve Aydin (2017) yaptiklar1 ¢alismada, farkli enine kesit dlgiilerindeki sandalye yan
cercevelerini sonlu elemanlar metoduyla CATIA programinda analiz etmisler, sonu¢ olarak
enine kesit Olgiilerinin yiik tasima kapasitesinde etkili oldugunu vurgulamislardir. Hu ve ark.,
(2018), zivanali birlestirilmis bir sandalyede ara kayit elemaninin pozisyonu igin
optimizasyon caligmasi yapmiglar; sonugta, yiikk tasima kapasitesi ile ara kayit pozisyonu
arasinda 6nemli bir iliski oldugunu bildirmislerdir. Endustriyel sandalye tasariminda estetik
ve dayaniklilik optimizasyonunun yapildig1 ¢alismanin sonuglarinda, piyasadan temin edilen
sandalyelerin saglamligmin, laboratuvarda iiretilen tasarim sandalyelerden diisiik oldugu,
ayrica endiistriyel sandalyelerin ergonomik agidan da sorunlu oldugu belirtilmistir (Kiireli ve
ark., 2020). Zivanali birlestirmeler i¢in alt tolerans sinirlar1 yontemiyle kabul edilebilir
tasarim degerlerinin arastirildigi calismada, birlestirmelerin tasarim degerlerinin bilinmesi
durumunda standartlarda belirtilen yiikler altinda meydana gelebilecek deformasyonlarin
onlenebilecegi bildirilmistir (Uysal ve Haviarova, 2021). Bir baska g¢alismada, yari-rijit
birlestirmeli temsili bir sandalye yan gergevesinde, yari rijitlik katsayilar1 ve deplasmanlar
arasindaki iliskiler ac¢1 yontemiyle analiz edilmis ve ag¢1 yOnteminin ahsap mobilya
¢ercevlerinin analizinde kullanilmasi 6nerilmistir (Glray ve ark., 2022). Isil islem gérmiis ve
gérmemis aga¢ malzemelerden hazirlanan ve tel zimbali mobilya birlestirmelerinin statik ve
devirli egilme yiikleri altindaki mekanik performanslarinin karsilastirildigi ¢alismada; statik
yiiklemenin devirli yiiklemeye orani 2,85 olarak elde edilmistir (Demirel ve Er, 2022). Uysal
(2023), ahsap sandalyelerin 6nden-arkaya devirli yukleme testlerinde, stiffness metodu
kullanarak yapisal analizler gerceklestirmis ve sonucgta birlestirmeler i¢in kabul edilebilirlik
katsayilar1 Onermistir. Ceylan ve ark., (2024) tasarladiklar1 farkli tiplerdeki auksetik
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kavelalarin g¢erceve konstritkksiyonlu mobilya birlestirmelerinde kullanilm olanaklarini
arastirmiglar ve auksetik kavelalarin direk ¢cekme mukavemetlerini belirlemislerdir.

Bu calismada, farkli Olglilerdeki ve lokasyonlardaki ara kayit barindiran ve ara kayit
elemani bulundurmayan c¢ergeve konstriiksiyonlu sandalyelerin 6nden arkaya yukleme
altindaki performanslar1 deneysel olarak, birlestirme noktalarinda meydana gelen moment
degerleri de sonlu elemanlar metoduyla ¢alisan bilgisayar destekli yapisal analizlerle niimerik
olarak elde edilmistir. Caligmanin yenilik¢i ve 0zgiin yonii, mobilya miithendisliginde sonlu
elemanlar metoduyla, bilgisayar destekli iic boyutlu niimerik analizlerin gergeklestirilmesi ve
ozellikle de sandalye birlestirmeleri i¢in literatiirde ¢ok smirli calisilmis olan ara kayit
elemanin en uygun kesit Olciilerinin ve lokasyonunun deneylerle belirlenecek olmasidir. Bu
baglamda, ¢alismanin hipotezi, “sandalye yan ¢ergevelerinde, ara kayit elemaniin varliginin,
kesit Olgulerinin ve lokasyonunun sandalyenin mukavemeti Uzerinde etkisi vardir” olarak
belirlenmistir.

2 Materyal ve Metot
2.1 Agac¢ malzemenin fiziksel ve mekanik 6zelliklerinin belirlenmesi

Deney Orneklerinin hazirlanmasinda, Tiirkiye mobilya endiistrisinde yaygin olarak
kullanilan Sarigam (Pinus sylvestris L.) kullanilmistir. Sarigam genellikle ev i¢i kullanimlar
yerine restoran vb. gibi mekanlarda enine kesitleri daha biiyiik, kaba goriiniislii ve oturma
elemanlarinin tiretiminde kullanilmaktadir. Bu agag tiiriinden {iretilen oturma elemanlar1 daha
kolay deforme olmakta ve dolayisiyla yasam Omiirleri de daha kisa olmaktadir. Bu agag
tiirliniin sandalye tiretiminde kullanim imkanlarimin deneysel ve niimerik olarak incelenmesi
admna, bu ¢alismadaki deneylerde Sarigam odunu tercih edilmistir. Aga¢ malzemeler, rastgele
bir yontemle Izmir’deki kereste isletmelerinden temin edilmistir. Mobilya miihendisligi
tasarim siirecinin ilk asamasi, liretimde kullanilacak malzemelerin fiziksel ve mekanik
Ozelliklerinin belirlenmesidir. Bu dogrultuda, deney orneklerinin {iretimi i¢in kullanilan
Sarigam malzemesinin bazi temel fiziksel ve mekanik o6zellikleri belirlenmistir. Calisma
kapsaminda, kullanilacak malzeme i¢in sirasiyla yogunluk ve rutubet orani tayini (TS ISO
13061-1, TS ISO 13061-2), egilme direnci ve elastikiyet modiilll (TS ISO 13061-3, TS I1SO
13061-4) deneyleri yapilmistir.

2.2 Deney sandalyelerinin hazirlanmasi

Deney 6rnegi olarak, toplam 21 adet 1/1 6lgekli deney sandalyesi geleneksel yontemler ile
(at6lye tipi) tretilmistir. Calismada, deney sandalyelerinin yan gergevelerinin Uretiminde 3
farkli varyasyon olusturulmustur. Bunlar, ara kayitsiz, ara kayit ekseni yerden 100 mm
yukarda ve ara kayit ekseni yerden 200 mm yukarda olacak sekildedir. Buna gore, yan
cercevedeki ara kayit elemanmin varligi ve lokasyonunun sandalyelerin mukavemeti
iizerindeki etkisi incelenmistir. Ayrica, yan ¢ercevede kullanilan ara kayit elemanlarinin kesit
Olctilerinde de 3 farkli varyasyon kullanilmistir. Deneyler igin, 21 x 30, 21 x 40 ve 21 x 50
(radyal x teget) olmak iizere 3 farkli kesiti Ol¢iisiine sahip ara kayit elemani bulunduran
sandalyeler iiretilmistir. Ara kayit elemanmin kesit 6lgiilerinde genislik (b) 21 mm olarak
sabit tutulmus, yiikseklik (h) ise 30, 40 ve 50 mm olacak sekilde 3 farkli 6l¢iide kullanilmustir.
Ara kayit disindaki tiim elemanlarin kesit 6lgiileri 21 x 50 mm kesit dl¢iilerinde yapilmaistir.
Sandalye elemanlarinin {retiminde, kesit yapisinda genislik yOniiniin radyal, yiikseklik
yoniiniin teget olmasma dikkat edilmisti. Montaj islemlerinde, yapistirici olarak
Polivinilasetat (PVAc) tutkali kullanilmistir. Deney sandalyelerinin Uretiminde, yan
cercevelerin olusturulmasida (ikileme) 6n ayak-yan kayit, arka ayak-yan kayit, 6n ayak-alt
ara kayit ve arka ayak-alt ara kayit birlestirmelerinde 40 x 40 mm Olciilerinde zivanali
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birlestirme uygulanmis; dortleme islemlerinde ise, on ayak-on kayit, arka ayak-arka kayit ve
arka ayak-iist kayit birlestirmeleri 10 mm ¢apinda ve 35 mm uzunlugunda yivli gévdeli Dogu
kayini (Fagus orientalis L.) kavela ile gergeklestirilmistir. Kavela eksenlerinin kayit kesitine
gore kenara uzaklhigi 15 mm, iki kavela ekseni arasindaki mesafe ise 20 mm olarak
belirlenmistir. Kavela delikleri, kavelanin ¢akildig1 elemanda (kenar) 20 mm, kars1 elemanda
(ylizey) ise 15 mm derinliginde agilmistir; boylece kavela etkili boyu 15 mm olarak
hesaplanmistir. Montaj islemlerinde presleme yapilirken presleme basinci 6lglilmemis, ancak
presleme basincinda farkliliklar olmamasi ve sikma islemlerinde ayni derecede basing
uygulanabilmesi admna, kullanilan mengenelerin vidalar1 sikistrma 6ncesi sonuna kadar
gevsetilmis ve sikistirma islemlerinden sonra da mengenenin hareketli ¢enesinin vidalama
boyunun her bir birlestirme i¢in esit olmasina 6zen gosterilmistir.

Calismada kullanilan deneme deseni Cizelge 1°de verilmis, bu varyasyonlara iligkin
cizimler Sekil 1’de gdsterilmistir.

Cizelge 1. Calismada kullanilacak deneme deseni

Ara Kayit Durumu Ara Kayit Yerde Y Ukseklik Ara Kayit Kesit Yineleme
(h1, h2) (mm) Olgiileri b x h (mm)

Ara Kayit Yok - - 3
21x30 3

Ara Kayit (h1) 100 21 x40 3
21 x50 3

21x30 3

Ara Kayit (h2) 200 21 x40 3
21 x50 3

Toplam 21

21050 mm 2150 mm 21x850 mm

Y KAYTT YAN KAVIT

150 )
240
/ 2 130 rrem

1 ERAFATT h2

h1 |
Ara Kayit Yok Ara Kayit Var (h1=100 mm) Ara Kayit Var (h2=200 mmj)

YAMKAYIT TN

ARKA AYAK
ARKAAYAK
ARKA AYAK

1380
21x40 mm
/ 1330 mm,

7 AFEFATIT

ON AYAK
ON A
ON AYAK

Sekil 1. Sandalyelerin yan ¢ergevelerinde uygulanan ara kayit lokasyonu ve kesit dlgiileri

Deney sandalyelerinin net resmi ve genel Olgiileri Sekil 2° de, iiretiminde uygulanan
ikileme (Sekil 3a) ve dortleme (Sekil 3b) siireclerine iliskin bazi resimler Sekil 3’°de
verilmistir.

—__ bxh

450

h1, h2
2
"

- 430 |

Sekil 2. Caligmada kullanilacak deney sandalyesinin genel dlgiileri
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Sekil 3. Deney sandalyelerinin monf'aj stireclerinde ikileme (a) ve dortleme islemleri (b)
2.3 Deney sandalyelerinin performans testleri

Deney sandalyeleri, American Library Association (ALA, 1982) standartlarma uygun
olarak Onden arkaya yiikkleme yoniinde, devirli basamakli artan yiikkleme metodu ile
performans testlerine tabi tutulmustur. Bu yiikleme, mobilyalarin giinlik kullanimda
kargilasacaklar1 gergeke¢i yiikleme kosullarin1 simiile etmeyi amaglamaktadir. Gergek
kullanimlarda, tirtinler belirli bir ylikleme diizenine tabi tutulmaz; sistematik olmayan yorma
siirecleri sonucunda, malzemenin dayanim simirlar1 asildiginda deformasyon meydana gelir.
Devirli basamakli artan yiikleme metodu, {rtiniin kullanim 6mrii boyunca karsilasabilecegi
cesitli yiikkleme ve zorlanmalara karst dayanimini 6lgmek i¢in gelistirilmistir. Bu yontem,
sistematik olmayan yiikleme senaryolarini, belirli ve kontrollii bir dongii i¢inde uygulayarak,
iirlinlin performansint degerlendirmek i¢in etkili bir aractir. Yani, iirlinlin maruz kalacagi
rastgele yorma etkilerini, sistematik bir devirli basamakli yiikleme diizeni ile temsil eder.

Onden arkaya yiikleme yontemi, sandalye oturma gercevesine bir zincir yardimiyla dnden
arkaya dogru ¢ekme kuvveti uygulanarak, sandalye yapismin bu zorlamaya karsi ne kadar
dayanikli oldugunu test etmeye odaklanir. Bu sayede, Ozellikle yan cercevelerdeki
birlestirmelerin mukavemeti Olgiiliir. Deneylerde, onden arkaya dogru dakikada 20 devir
olacak sekilde yatay yonde bir yiikleme uygulanmistir. Baslangic yiikii 445 N olarak
belirlenmis ve her basarili tamamlanan 25.000 devir sonras1 bu yiik 112 N artirilarak testler
stirdiiriilmiistiir. Toplamda 1112 N’luk bir yiik degerine ulasildiginda, yiik artis miktar1 112
N’den 224 N’a ¢ikarilmistir (ALA, 1982; Eckelman, 1995; Eckelman, 1999).

Sekil 4’te goriilen diizenekte, dnden arkaya yilikleme, pistona kilitli bir sekilde tutturulmusg
bir zincir araciligtyla gergeklestirilmistir. Yiikleme zinciri, sandalyenin genislik yoniinde tam
ortasina yerlestirilmis ve c¢ekme yiikii bu merkezde uygulanan bir piston yardimiyla
verilmigtir. Deney silirecinde yiiklemeler, sandalye elemanlarinda kirilma, birlestirme
noktalarmin agilmasi veya asir1 deformasyon gibi dayanim kayiplar1 olusana kadar kademeli
olarak arttirilmistir. Deney sonuglarma gore, sandalyenin kirildigi andaki devir sayisi ve son
25.000 devri tamamladig: yiik degeri, sandalyenin 6mrii ve kuvvet tagima kapasitesi olarak
kaydedilmistir.

Sekil 4. Deney sandalyelerin dnden arkaya devirli ylikleme testleri
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2.4 Bilgisayar destekli numerik analizler

RISA 3D programi kullanilarak yapilan bilgisayar destekli iic boyutlu yapisal analizlerde,
yap1 elemanlarinin ve sistemin davranisi detayli sekilde incelenmektedir (RISA 2000). Bu
analizde, mesnet noktalarindaki tepki kuvvetleri, elemanlardaki basing ve ¢ekme kuvvetleri,
iic farkli yondeki (X, Y, Z) kesme ve moment kuvvetleri hesaplanabilmektedir. Ayrica,
elemanlarda kesit 6zelliklerine gore olusan basing ve ¢ekme gerilmeleri ile yine U¢ yonde
meydana gelen kesme ve egilme gerilmeleri de belirlenebilmektedir. Bunun yani1 sira, her bir
diigiim noktasindaki yer degistirme degerleri ve sistemin genel yer degistirme durumu da
analiz edilebilmektedir.

Deney sandalyeleri, yapisal analizlerde gercek hayattaki davranislarina uygun olarak ii¢
boyutlu cerceve sistemleri seklinde modellenmistir. Sandalyeyi olusturan tiim yapisal
elemanlar, dogrusal elastik kirigsler olarak kabul edilmistir. Yani bu elemanlar, eksenel
kuvvetleri, kesme kuvvetlerini ve momentleri tasiyabilecek sekilde tanimlanmiglardir. Her bir
eleman tanimlanirken aga¢ malzemenin yonleri (lif, radyal, teget) dikkate alinmistir. Bu
yaklagim, elemanlarm yikler altindaki davranisini dogru bir sekilde simiile etmek icin
kullanilmistir. Modelleme siirecine baslarken, ilk olarak kullanilan birim sistemi
ayarlanmistir. Bu calismada, metrik sistem ve SI (Uluslararast Birimler Sistemi) esas
almmistir. Ardindan, sandalyelerin iiretiminde kullanilan malzemenin 6zellikleri programa
girilmistir. Yapisal analizlerde dogru sonuglar elde edebilmek i¢in, sandalyelerin
iskeletlerinde kullanilan Saricam malzemesinin bazi teknolojik 6zelliklerinin programa
tanimlanmas1 6nemlidir. Bu 6zelliklerin bir kism1 yapilan deneylerle elde edilirken, bazilari
literatiirdeki kaynaklardan alinmistir (USDA, 2021; Guntekin, 2023). Deney sandalyelerinin
yapiminda kullanilan Sarigam malzemesinin rutubet oranmi ise %10,2 olarak oOl¢iilmiistiir.
Malzemeleri tanimlamak amaciyla programa girilen bu 6zellikler Cizelge 2 *de gosterilmistir.

Cizelge 2. Sarigam malzemenin programa girilen teknolojik 6zellikleri

Liflere Dik Rijitlik Poisson Is1 Liflere Dik
Malzeme Egilmede (Kayma) Oran fletkenligi  Yogunluk Egilme
Elastikiyet Moduli Modull W) Katsayist (kg/m3)  Direnci (oe)
(EL) (N/mm?3) (GLr)(N/mm?) H (Wim.K) (N/mm?)
Saricam 10289 1334" 0,72" 0,13™ 450 99
*: Giintekin (2023)’ten alinmustir, ™ USDA (2021)’den almmustir.

Bu asamadan sonra, sandalyeyi olusturan elemanlarmin kesit 6zelliklerinin tanitilmasi
yapilmugtir. Sandalyelerde, modellenen tiim elemanlarin kesit dlgiileri 21x50 mm 6lctilerinde
olup sadece yan cercevelerindeki alt ara kayitin Ol¢giilerinde sandalye tipine gore farkliliklar
(21x30, 21x40 ve 21x50 mm) vardir. Ayrica, bir sandalye tipinde de yan ¢ercevelerde ara
kayit elemani yoktur. Buna gore, kesit Olgiileri tanimlanirken, sandalyenin tiim elemanlar1
21x50 mm, yan g¢ercevelerdeki ara kayit elemanlar: ise sandalye tipine gore uygun kesit
Olglilerine sahip olacak sekilde tamimlanmustir (Cizelge 3). Eylemsizlik momenti; “I=b x
h%/12” (mm?*), donme eylemsizlik sabiti “J=(h/2x(b/2)%)x((16/3)-3,36x((b/2)/(h/2))x(1-
((b/2)*(12x(h/2)%))))” esitlikleri ile hesaplanmistr.

Cizelge 3. Sandalye elemanlarinin kesit 6zellikleri

Kesit ol¢uleri Kesit Alam Eylemsizlik Momenti Eylemsizlik Momenti Donme Eylemsizlik
(bxh)(mm) (A=bxh) (I2) (mm?) (1y) (mm*) Sabiti (J) (mm?)
(mm?)
21 x50 1050 218750 38588 113615
21 x40 840 112000 30870 82898
21x30 630 47250 23153 52586
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Sonraki adimda, sandalyelerin tiim elemanlar1 gercek Olgiilerde ve kesit yapisinda olacak
sekilde modellenmek suretiyle li¢ boyutlu sandalye modeli olusturulmustur. Sandalye modeli
iizerinde analiz yapilabilmesi i¢in elemanlarin kesisme noktalarindan birlestirilmesi
(kaynaklanmas1) gerekmektedir. Sandalye elemanlar1 birlestirme isleminden once u¢ uca
temas halinde olmasma ragmen tam bir birlesme s6z konusu degildir. Yapisal analiz
yapilabilmesi i¢in her bir elemanin kesisme noktalarindan birbiriyle tam olarak birlesmesi
gerekir. Birlestirme isleminden sonra modelde kesisen/temas eden noktalar birbirine kaynakli
gibi birlesmistir. Bu asamada, sandalye modeli olusturulmustur ve sistem tarafindan her bir
diigiim (birlestirme) noktasina (N1, N2, ... Nn) ve sandalye modelini olusturan her bir
elemana (M1, M2, ... Mn) kod numaralar1 verilmistir. Olusturulan modellerin diigtim
noktalari, elemanlar1 ve elemanlarin baslangi¢c (i: Kirmizi) ve bitis (j: Mavi) noktalar1 Sekil
5’te gosterilmistir.
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Sekil 5. Diigiim noktalar1 (a), elemanlar (b) ve baslangi¢/bitis uglari (c)

Eckelman'a (1968) gore, mobilya sistemlerini olusturan baglant1 noktalar1 yar1 rijit 6zellik
goOsterir. Her bir baglanti noktasmnin kendine 0zgii bir elastikiyet degeri vardir. Yapisal
analizlerde bu baglantilarin yar1 rijit olarak tanimlanmasi, sistemin gercek davranisina en
yakin sonuclar1 elde edebilmek agisindan biiyiik 6nem tasir (Eckelman, 1968). Calisma
kapsamindaki yapisal analizlerde, birlestirme noktalar1 tanimlanirken, birlestirmelerin
tanimlanmasinda literatiirde geg¢mis c¢alismalardaki deneylerden elde edilen yar1 rijitlik
katsayilarindan yararlanilmistir (Ceylan ve ark., 2021). Sandalyelerdeki her bir birlestirme
noktasi programa yay (spring) olarak tanimlanmis ve yay sabiti degeri olarak da her bir
birlestirme i¢in literatiirden aliman yar1 rijitlik katsayilar1 (Z) ekseni etrafindaki rotasyonlar
olarak bu noktalara tanimlanmustir (Cizelge 4).

Cizelge 4. Her bir birlestirme igin tanimlanan yay sabiti degerleri, K (Ceylan ve ark., 2021)

Agag tiirii Yar Rijitlik Katsayis1 (K) (Nm/rad)
Arka ayak — Yan kayit Arka/On ayak — Ara kayit On ayak — Yan kayit
Sarigam 2702 916 1247

Yapisal analiz programinda modellenmesi tamamlanan 7 farkli sandalyeye iliskin {i¢
boyutlu goriiniisler Sekil 6’da her bir grup sandalye icin deneylerden elde edilen ortalama
maksimum yiik degerleriyle birlikte gosterilmistir.

Yapisal analizlerin gerceklestirilmesinde, Oncelikle modellenen sandalye ayaklarinda
mesnetleme islemleri yapilmis, daha sonra yiik uygulama asamasma gegilmistir. Gergek
deneylerdeki mesnetlemenin yapilmasinda, sandalyenin 6n ayak elemaninda hareketli, arka
ayak elemaninda ise sabit (pimli) mesnet kullanilmaktadir. Yapisal analizlerde de mesnet
tanimlanirken, sabit mesnet ayari i¢in arka ayak elemanmin diiglim noktasi i¢in X, Y, Z
yoniindeki translasyonlara (6teleme) reaksiyon verilmis, rotasyonlar ise serbest birakilmistir.
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On ayakta hareketli mesnet ayar1 i¢in ise diigiim noktasinda sadece Y yoniindeki telemelere
reaksiyon verilmis, geri kalan tiim 6teleme ve rotasyonlar serbest birakilmistir.

h=100
21x40

h=100
21x50

1297 N
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™
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Sekil 6. Yapisal analiz programinda her bir tip sandalyeye iliskin olusturulan modeller

Mesnet ayarlar1 yapildiktan sonra yiikiin uygulanacagi noktalar, gercek deneylerdeki
uygulama noktalarindan olacak sekilde yiik uygulama ekseni ve yonii dikkate alinarak
uygulanmistir. Deney sandalyeleri, gercek deneylerde devirli basamakli artan yiikleme
metoduna gore test edilmesine ragmen, bilgisayar destekli {ic boyutlu yapisal analizlerde
sistem statik yiiklemeye gore ¢oziilmiistiir. Yapisal analizlerde yiikler uygulanirken, statik ve
devirli yiikler arasindaki iligki dikkate alinmistir. Literatiirde, devirli yiikler altinda bir yapimin
mukavemetinin, statik ylikler altindaki mukavemetin %350'sini gecmemesi gerektigi ifade
edilmistir (Erdil, 1998; Eckelman ve Erdil, 1999; Kuskun, 2013; Likos ve ark., 2012; Kuskun
ve ark., 2018). Bu durumda, bir ¢ergeve sisteminin devirli yiikler altindaki dayanimi, statik
yiikler altindaki dayanimimin yaris1 olarak kabul edilmektedir. Dolayisiyla, bilgisayar destekli
yapisal analizlerde, ger¢ek deneylerden elde edilen maksimum kuvvet degerlerinin iki kati
dikkate almarak yiikleme yapilmistir. Bu yaklagim, analizin dogrulugunu saglamak amaciyla
kullanilan bir yontemdir.

Yiik uygulama asamasinda iki farkli yaklasim uygulanmustir. Ik olarak, deneylerden elde
edilen ortalama kuvvet tasima kapasitesi degerlerinin sandalye modellerine deneylerde
uygulanan noktalardan uygulanmasi yapilmistir. Bu sayede, sandalyelerin kirilmasi aninda
eleman uclarinda olusan egilme gerilmeleri elde edilmis ve Saricam malzemenin egilme
emniyet gerilmesi degerleriyle karsilastirilmistir. Ikinci yaklasimda ise, tiim sandalye
modellerine sabit degerde bir yiik (1000 N) uygulanmis ve ayni yiik degeri altinda tiim
sandalye modellerinin eleman uglarindaki egilme gerilmelerinin durumlar incelenmistir. Yiik
uygulamasi sonrasinda ¢6ziim iglemi yapilmis ve yapisal analiz gergeklestirilmistir.

3 Bulgular ve Tartisma
3.1 Sandalye performans test sonuclari

Deney sandalyelerinin 6nden arkaya dogru devirli yiiklemelere kars1 verdikleri
deformasyon karakteristikleri incelendiginde, sandalyenin genel sisteminin yik uygulanan
noktadan baglayarak Onden arkaya dogru bir yer degistirme (deplasman) gosterdigi
goriilmiistiir. Bunun yani sira, n ayak ile yan kayit birlesimlerinin iist noktalar1 ve arka ayak
ile yan kayit birlesimlerinin alt noktalar1 ddonme merkezleri haline gelerek acisal deformasyon
(rotasyon) meydana gelmistir. Benzer deformasyonlar, sandalyelerin 6n ayak-alt ara kayit ve
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arka ayak-alt ara kayit birlesimlerinde de gozlemlenmistir. Bu deformasyon tipi, sandalyenin
yik altinda nasil bir yapisal davranig sergiledigini ve 0Ozellikle birlesim noktalarinin
deformasyona duyarli oldugunu gostermektedir. Sandalyelerin tipik deformasyonlari, Sekil
7'de gosterilmistir.

Sekil 7. Onden arkaya yiiklenmis deney sandalyelerinin tipik deformasyonu

Onden arkaya yapilan performans testlerinde, Sekil 7'de goriildiigii gibi, 6n ve arka
ayaklar1 baglayan zivanali yan kayit ve alt ara kayit birlesimlerinde rotasyona bagli agilma,
kirilma ve kopma gibi deformasyonlar meydana gelmistir. Tiim testlerde sadece baglanti
noktalarinda deformasyonlar gézlenmis olup sandalye elemanlarinin kendisinde herhangi bir
kirilma veya benzeri deformasyon olugsmamistir. Bu durum, gergeve tipi mobilyalarda en
kritik bolgelerin birlesim yerleri oldugunu agikga gdstermektedir. Birlestirme noktalarinin
yapisal dayanimi, mobilya sisteminin genel performansini ve dayanikliligini belirlemede
onemli bir faktordur.

Deney sandalyelerinin devirli basamakli yiikkleme metoduyla Onden-arkaya yonde
gerceklestirilen performans testleri sonucunda elde edilen kuvvet tasima kapasitesi degerleri
ve toplam devir sayilari1 varyasyon katsayilari ile birlikte Cizelge 5’ te verilmistir.

Cizelge 5. Deney sandalyelerinin performans degerlerine iliskin veriler

Kayit Yerden Kayit Genisligi Kuvvet Tasima  Ortalama % Toplam Ortalama %
Yiiksekligi (h) (b) (mm) N Kapasitesi (N)  Performa (%) Devir Devir sayis1 (%)
(mm) ns (N) Sayis1
Kontrol Kontrol 1 779 116263
Sandalyeleri Sandalyeleri 2 779 742 8,64 108558 103521 15,33
(Kayitsiz) (Kayitsiz) 3 668 85743
1 890 142276
Kayit Genisligi 30 2 890 927 6,91 138344 147835 8,92
mm 3 1001 162884
1 1001 159789
Yitksekligi mm 3 1001 161422
100 mm 1 1334 233130
Kayit Genisligi 50 2 1334 1297 4,95 235748 226119 6,40
mm 3 1223 209480
1 890 143756
Kayit Genisligi 30 2 1001 964 6,66 163254 157517 7,60
mm 3 1001 165542
Kayit Yerden 1 1001 170587
Yiiksekligi Kayit Genisligi 40 2 1112 1075 5,97 185587 182231 5,70
200 mm mm 3 1112 190520
1 1334 241587
Kayit Genigligi 50 2 1334 1334 0,00 237473 237510 1,71
mm 3 1334 233471

N: Ornek yineleme sayis1, v: Varyasyon katsayist
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Bu asamada, deney sandalyelerinin ortalama kuvvet tagima degerleri karsilastirilmak
suretiyle, yan g¢ercevede kayit bulunmasinin, kayit var ise kayit ekseninin yerden
yiiksekliginin ve kayit elemanini kesit dlgiilerinin kuvvet tasima kapasitesi tzerindeki etkileri
incelenmistir (Sekil 8a,b).
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Sekil 8. Kayit genisligi (a) ve yiiksekligine (b) gore ortalama kuvvet kapasitesi degerleri

Buna gore, yan g¢er¢evede kayit elemani yer almasi ve bu elemanin genisliginin artmasinin
kuvvet tagima kapasitesini onemli derecede artirmistir. Yan gergeveye yerden yikseklikten
bagimsiz olarak, 21 x 30 mm kesit Olciilerinde kayit elemani1 eklenmesi %27; 21 x 40 mm
kesit dlciilerinde kayit eleman1 eklenmesi %40; 21 x 50 mm kesit dlgiilerinde kayit elemani
eklenmesi ise %77 oraninda kuvvet kapasitesini artwrmistir. Buna goére, sandalye yan
cercevelerinde ara kayit elemaninin kullanilmasi gerektigi ve 21 x 50 mm kesit Olgiilerine
sahip olmasmm uygun olacagi sOylenebilir. Ancak, bu elemanin yerden yiiksekliginin
artmasmin 6nden-arkaya kuvvet kapasitesini nispeten az bir miktar arttirdigi goriilmiistiir.
Yan cercevedeki ara kayit elemanimin, kesit 6lgiilerinden bagimsiz olarak, yerden 100 mm
yukarida olacak sekilde yerlestirilmesi %45, yerden 200 mm yukarida olacak sekilde
yerlestirilmesi ise %52 oraninda kuvvet kapasitesini yiikseltmistir. Bununla birlikte, kayit
elemanin1 yerden yiiksekliginin 100 mm den 200 mm’ ye ¢ikarilmasi kuvvet tasima
kapasitesini sadece %5 arttirmistir. Buna gore sandalye yan c¢ercevelerinde ara kayit
elemaninin kullanilmas1 gerektigi bu elemanin ekseninin de yerden 200 mm yukarida
olmasmin mukavemet agisindan uygun olacagi soylenebilir. Calisma kapsaminda denenen
degiskenlerden hem kayit genisligi hem de kayit yerden yiiksekligi faktorunin etkisinin de
dikkate alinarak yapilan karsilastirma sonuclar1 Sekil 9° da gosterilmistir.
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Sekil 9. Kayit genisligi ve kayit yerden yiiksekligine gore ortalama kuvvet kapasiteleri

Bu grafik incelendiginde, sandalye yan cercevelerinde ara kayit elemani kullanilmasinin ve
bu elemanin kesit Olgiilerinin arttirilmasimin  6nemli derecede, yerden yiiksekliginin

10
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artirtlmasinin ise nispeten daha diisiik oranda olacak sekilde sandalyenin dnden-arkaya yuk
tagima kapasitesini artirdigi agik¢a goriilmektedir.

Deneylerde, sandalyelerin kirildigi andaki devir sayist ve son 25000 devri tamamlamis
olan yiik degeri sandalyenin yagam omrii (kuvvet tasima kapasitesi) olarak kaydedilmistir.
Elde edilen mukavemet degerleri, ALA’ da verilen hafif, orta ve agir kabul edilebilir tasarim
yiikleri ile karsilastirilmistir. ALA’ de verilen hafif, orta ve agir kabul edilebilir servis yiikleri
sirasiyla 1334,4 N, 1556,8 N ve 1779,2N’ dur (ALA, 1982; Eckelman, 1995; Eckelman,
1999). Buna gore, test edilen sandalyelerden sadece yan gercevesinde yerden yiiksekligi 200
mm ve kesit dlciileri 21 x 50 mm kayit eleman: bulunan sandalyeler ev i¢i kullanimlar i¢in
uygun bulunmustur. Denenen diger sandalyeler ev i¢i kullanimlar i¢in bile uygun
mukavemette olmayip, mukavemet gelistirici, giiglendirici optimizasyon ¢alismalarina ihtiyag
duymaktadir.

3.2 Bilgisayar destekli niimerik analiz sonuclar

Yapisal analizler, her bir sandalye modeli icin, ger¢ek deneylerde elde edilen ortalama
kuvvet tagima kapasitesi degerlerinin ve ayrica her bir modele sabit bir yiik degerinin (1000
N) yukleme yoni 6nden-arkaya yonde olacak sekilde uygulanmasi ile gergeklestirilmistir.
Yapisal analizler sonucunda her bir sandalye modelinde meydana gelen genel deformasyon
karakteristigi Sekil 10’ de yan goriiniis olarak gdsterilmistir.

Deney sandalyelerinin deformasyon sekli ve deformasyona ugrayan birlesim noktalari
incelendiginde, gercek testler ile yapilan yapisal analizlerin sonuglarinin tutarli oldugu
goriilmiistiir. Sandalyelerin performans analizinde, 6nden arkaya uygulanan yikler sonucunda
elemanlarda olusan moment kuvvetleri ve bunlarin olusturdugu egilme gerilmeleri dikkate
almmistir. Moment kuvvetlerinin davranisi, eksenel ve kesme kuvvetlerinden farkhidir.
Eksenel ve kesme kuvvetleri eleman boyunca her noktada sabit kalirken, moment kuvvetleri
elemanin baslangicindan sonuna kadar degiskenlik gdstermektedir. Bu durum, elemanlarin
egilme gerilmeleriyle deformasyona ugramasmna neden olmaktadir. Bu sekilde yapilan
analizler, sandalyelerin ger¢ek davranigini ve yapisal dayanikliligini daha iyi anlamamiza
olanak saglar.
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Sekil 10. Modellenen sandalyelerin tipik deformasyon karakteristikleri
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Sandalye iskeletini olusturan tiim elemanlarda olusan momentler ve buna bagli olarak
meydana gelen egilme gerilmeleri, {ic boyutlu yapisal analizler aracilifiyla elde edilmistir.
Yapisal analizlerin sonuglarina dayanarak, sandalye elemanlarinda olusan momentlerin
dagilimmi gosteren moment diyagramlari, her bir sandalye modeli i¢in Sekil 11'de
sunulmustur. Bu diyagramlar, sandalye elemanlarmin yiikler altinda nasil davrandigini ve
hangi bolgelerde daha fazla deformasyon meydana geldigini gorsel olarak ortaya
koymaktadir. Ayrica, momentlerin yan ¢ergeve birlestirmelerine dagilim oranlar1 da Cizelge
6’ da verilmistir

h=100
21x50

742N
| h=0 54
i |Kayit yok =300
i 21x50
'™
1334 N

B “‘F'?'E'TT
.'“ i “agobiob

Sekil 11. Modellenen sandalyelerin moment dagilim diyagramlari

Cizelge 6. Yan gergeve birlestirmelerindeki moment dagilimi ve oranlar: (Nm, %)

Moment ve Dagilim Oram (Nm, %)
Yan Cercevedeki Birlestirme

Sandalye Modeli On Ayak-Yan  Arka Ayak-Yan On ayak-Ara Arka ayak-Ara
Kayit Kayit Kayit Kayit
Moment Oran Moment Oran Moment Oran Moment Oran
Ara Kayitsiz 0 0 311,64 100 - - - -

h=100 (21 x 30) 125,84 33 113,69 29 69,95 18 79,85 20
h=100 (21 x 40) 108,28 26 96,63 23 96,77 23 118,74 28
h=100 (21 x 50) 119,99 22 107,35 20 135,79 25 181,60 33
h=200 (21 x 30) 131,65 33 115,85 28 70,60 18 86,78 21

h=200 (21 x 40) 110,27 25 93,94 20 104,63 24 142,66 31
h=200 (21 x 50) 108,92 20 91,21 16 140,82 26 219,34 38

Momentler ve dagilim oranlar1 incelendiginde, ara kayitsiz bir sandalyede, “arka ayak-yan
kayit” birlestirmesinin yan g¢ercevede kuvvetin yerden yliksekligine gore olusan toplam
Mmomentin tamamini tasidigi ve kritik bir birlestirme haline geldigi goriilmektedir. Diger
sandalye modellerinde ise momentlerin yan cercevedeki birlestirmelere dagildig:
gorulmektedir. Buna gore, sandalye yan gergevesinde, kesit 6lgusi ve yerden yiiksekligi ne
olursa olsun, ara kayit elemani bulunmasinin mukavemeti olumlu etkiledigi sdylenebilir. Bu
asamadan sonra, deneyl kuvvetleri altinda en biiyiik egilme gerilmesinin olustugu elemanlar
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yapt analizi sonuclarindan tespit edilerek, bu kritik elemanlarda olusan egilme gerilmesi
degerleri, sandalyelerin iiretiminde kullanilan malzemeler i¢in deneyler sonucunda
belirlenmis olan egilme emniyet gerilmesi degerleri ile Cizelge 7° de karsilastiriimistir.

Cizelge 7. Kritik elemanlarinda egilme gerilmeleri ile emniyet gerilmelerinin karsilastiriimasi

Deney Egilme Emniyet
Sandalye Modeli Kritik Egilme Elemani Gerilmesi Gerilmesi Sonug
(N/mm?) (N/mm?)

Ara Kayitsiz Yan Kayit (M2i, M61) 35,62 33 Basarisiz
h=100 (21 x 30) Ara Kayit (M4i, M8i) 25,29 33 Basarili
h=100 (21 x 40) Ara Kayit (M4i, M8i) 21,19 33 Basarili
h=100 (21 x 50) Ara Kayit (M4i, M8i) 20,74 33 Basarili
h=200 (21 x 30) Ara Kayit (M4i, M8i) 27,37 33 Basarili
h=200 (21 x 40) Ara Kayit (M4i, M8i) 25,38 33 Basarili
h=200 (21 x 50) Ara Kayit (M4i, M8i) 30,49 33 Basarili

Egilme gerilmeleri yap1 analizi programindan alinmis olup, hesaplamalarda “se=Mc/l;”
fomiilii kullanilmaktadir. Burada, ¢ (mm); elemanin yiikiin uygulandigi yondeki agirlik
merkezinden kenarina olan en biiyiik mesafe (h/2), I, (mm*); ise ilgili yondeki eylemsizlik
momentini ifade etmektedir. Emniyet gerilmesi, sandalye ¢ergevelerinin dayanma simirmi
belirleyen bir parametre olarak, egilme direnci deneylerinden elde edilen maksimum degerin
ucte biri (33 N/mm?) olarak belirlenmistir (Eckelman, 2003). Ara kayitsiz sandalyelerde en
yiiksek egilme gerilmeleri "yan kayit" elemanlarinda, ara kayitli sandalyelerde ise "ara kayit"
elemanlarinda gézlemlenmistir. Deney sonuclarina gore, ara kayith sandalyelerin kritik
elemanlarinda olusan egilme gerilmeleri, egilme emniyet gerilmesi degerlerinin altinda kalmis
ve bu momentleri basarili bir sekilde karsilanmistir. Bu durum, sandalyelerin elemanlarinda
deformasyon olusmadigini, ancak birlestirme noktalarinda deformasyonlarm meydana
geldigini gostermektedir. Gercek deneylerde de deformasyonlarm birlestirmelerde oldugu
gozlemlenmistir. Sonug¢ olarak, kayit genisliginin artmasiyla eleman uclarinda gerilmelerin
azaldig1 ve birlestirmelerin daha giivenli hale geldigi sonucuna varilmastir.

Yapisal analizlerde, ikinci yaklasim olarak, her bir sandalye modeline sabit (1000 N) bir
yuk uygulanmis ve her bir model sandalyenin “yan kayit” ve “alt ara kayit” elemanlarmin
uclarinda olusan egilme gerilmesi degerleri elde edilmis ve eleman ucglarinda olusan bu
egilme gerilmeleri karsilik gelen birlestirmelere gore degerlendirilmistir (Cizelge 8).

Cizelge 8. Yan ¢erceve birlestirmelerine karsilik gelen egilme gerilmeleri

Egilme gerilmesi (N/mm?)

Yan Cercevedeki Birlestirme

Sandalye Modeli On Ayak-Yan Arka Ayak Yan  Onayak-Alt Ara  Arka ayak-Alt ara

Kayit Kayit Kayit Kayit
Ara Kayitsiz 0 48 - -
h=100 (21 x 30) 15,60 13,93 24,05 27,29
h=100 (21 x 40) 12,39 10,91 17,41 21,19
h=100 (21 x 50) 10,58 9,34 12,09 15,99
h=200 (21 x 30) 15,85 13,47 23,49 28,40
h=200 (21 x 40) 11,87 9,67 17,74 23,61
h=200 (21 x 50) 9,42 7,48 12,40 18,70

Birlestirmelerdeki egilme gerilmesi degerleri incelendiginde, ara kayit elemanmin kesit
Olglilerinin artmasinm birlestirmelere karsilik gelen egilme gerilmelerini 6nemli oranda
azalttig1 ve bu sayede birlestirmelerin daha giivenli hale geldigi sdylenebilir. Bununla birlikte,
ara kayit elemanmin yerden yliksekliginin 100 mm’ den 200 mm’ye c¢ikarilmasinin ise
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birlestirmelere karsilik gelen egilme gerilmelerinde ¢ok kiigiik oranlarda diisiis sagladigi
goriilmiistiir. Niimerik analizlerden elde edilen bu sonuglarin, gercek deneylerden elde edilen
deformasyon karakteristikleri ile tutarli oldugu goriilmiistiir.

4 Sonuglar ve Oneriler
Caligmanin sonucunda elde edilen sonuglar asagida maddeler halinde verilmistir:

« Sandalye yan cercevelerinde ara kayit elemanmin varligi ile sandalyenin kuvvet tagima
kapasitesinin dnemli derecede arttigi goriilmiistiir.

* Sandalye yan ¢ercevelerinde kullanilacak ara kayit elemaninin yerden yiiksekliginin
100 mm’den 200 mm’ye artirilmasi kuvvet kapasitesiinde 6nemli bir artisa neden
olmamustir.

« Sandalye yan gergevelerinde kullanilacak ara kayit elemanmnin genigliginin artirilmasi
onden-arkaya kuvvet tasima kapasitesini onemli derecede artirmustir.

* NuUmerik analizlerden elde edilen sonuclar, gercek deneylerden elde edilen
deformasyon karakteristikleri hakkinda makul tahminler vermistir.
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Experimental analysis of the bending behaviour of woods with kerf-cutting
technique

Gokege Kirkpmar®™', Yenal Akgun?*>', Matthieu Joseph Pedergnana®

ABSTRACT: Wood has been recognised for its ecological benefits and lightness throughout
history. Its flexibility can be significantly enhanced when processed with proper techniques,
inspiring various architectural products and furniture. This study aims to investigate the
bending capacity of different natural wood samples made flexible using the kerf-cutting
technique and the maximum load they can bear at their maximum bending capacity. Although
there are studies on how kerf-cutting techniques can increase the flexibility of various wood
products, the relationship between the bending capacity provided by the kerf technique and
load-bearing capacity has not been examined, making this study original. The paper first
examines the general physical properties and bending capacities of different wood types.
Then, a two-stage experimental study is presented. The first step discusses the effects of
different kerf-cutting techniques on wood flexibility. The bending and load-bearing capacities
of three different types of wood are investigated in the second step. Results indicate that ash
has the highest flexibility, while walnut demonstrates greater load-bearing strength than ash,
making it suitable for designs requiring higher strength.

Keywords: Wood, kerf-cutting technique, bending, load-bearing capacity

Kerf-kesme teknigi uygulanmis ahsaplarin egilme davramsinin deneysel
analizi

OZ: Ahsap, tarih boyunca ekolojik faydalar1 ve hafifligi ile tanmmistir. Dogru tekniklerle
islendiginde esnekligi onemli 6l¢iide artirilabilir, ¢esitli mimari tirlinlere ve mobilyalara ilham
kaynagi olabilir. Bu ¢alismanm amaci, kerf kesim teknigi ile esneklik kazandirilmig farkl
dogal ahsap numunelerinin esneklik diizeylerini ve bu diizeylerde tasiyabildikleri azami yiikii
incelemektir. Kerf kesme tekniklerinin ¢esitli ahsap {riinlerin  esnekligini nasil
artirabilecegine dair ¢alismalar olmasma ragmen, bu teknigin sagladigi egilme kapasitesi ile
yiik tasima kapasitesi arasindaki iliski incelenmemis olmasi bu ¢alismay1 6zgiin kilmaktadir.
Makalede Oncelikle farkli agag tiirlerinin genel fiziksel 6zellikleri ve egilme kapasiteleri
incelenmistir. Sonrasinda ise iki etapl bir deneysel ¢aligma ortaya konmustur. Bu deneysel
calismanin ilk asamasinda, farkli kerf kesim tekniklerinin ahsabin esnekligine etkisi, ikinci
asamada ise li¢ farkli ahsap tipinin esneklik ve tagima kapasiteleri arastirilmistir. Sonuglara
gore, disbudagm en fazla esneklige sahip oldugu, cevizin ise yiik tasima kapasitesi olarak
digbudaktan daha ytliksek mukavemet gosterdigi, dolayisiyla daha fazla mukavemet gerektiren
tasarimlar i¢in uygun oldugu belirlenmistir.

Anahtar kelimeler: Ahsap, kerf kesim teknigi, egilme, yiik tagima kapasitesi
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1 Introduction

Wood is one of the most common materials in the architecture and construction industry
due to its versatility and availability. It can be utilised in various applications with minimal
processing, such as cutting and drying. Furthermore, its unique fibrous composition allows
the wood to bend naturally, creating curved and flexible elements. This natural ability to bend
can be further enhanced through techniques such as kerf-cutting (Capone & Lanzara, 2019),
steam bending (Whinney, 2019), lamination bending (Bianconi & Filippucci, 2020), cold
bending (Hao & Chen, 2024), chemical bending (Mao et al., 2024), soaking in water (Shi et
al., 2024), heat bending (Kwon et al., 2024), mechanical bending (Florkowsk et al., 2024),
microwave heating (Zhang et al., 2020) and vacuum press bending (Lee et al., 2021).

The production of flexible and curved surfaces has become a prominent area of research in
architecture, with many studies focusing on materials and fabrication techniques to achieve
curvilinear geometries and freeform surfaces. Among these techniques, kerf-cutting is a
subtractive manufacturing method that transforms rigid, planar materials into curved surfaces.
It is widely used across various industries, from crafting furniture and decorative structures to
producing musical instruments. In architecture and interior design, kerfing is employed not
only to create flexible surfaces (Shadid et al., 2022) but also to develop technical components
such as facade panels (Teuffel et al., 2009) and acoustic panels (Greenberg & Koérner, 2014).
For example, complex kerfed surfaces are incorporated into facade designs to mitigate the
adverse effects of strong winds (Teuffel et al., 2009), while they are used for acoustic
optimisation in interior spaces (Greenberg & Kérner, 2014).

Kerf bending involves machining a panel into a specific cutting pattern to design flexible
and free-form systems (Zarrinmehr, 2017). Depending on the chosen pattern, a rigid panel can
acquire bending capacity in one direction while retaining its strength in the other, thanks to
the gaps introduced by the cuts (Capone & Lanzara, 2019). Three primary types of kerf-
cutting are single-sided, double-sided, and cuts that penetrate entirely through the panel. Each
type produces varying levels of bending capacity, offering a range of possibilities for design
and structural performance (See Figure 1).

Cutting Type

l |

One Side of the Panel Both Sides of the Panel I'hrough Thickness of the Panel
N tl’amllel Cut Spiral Cwt
Angled Cut Fringe Cut
Zig Zag Cut
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Pattern
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‘Q.A - -_"- s
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Figure 1. Kerf technical methods (Bianconi & Filippucci, 2020)

The first cutting type is the traditional approach wherein the kerf cut is made on just one
side of the panel and examined in two groups: Parallel cutting is when notches are cut parallel
to the edges of the panel (see Figure 2a as an example) and Angled Cutting in which notches
are made at an angle to the edges of the panel.
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The second type involves cutting both sides of the panel following a specific set of rules
(see Figure 2b as an example). This process allows for the creation of double-curvature
surfaces. The parametric design of the cuts ensures precision in achieving the desired curves
(Capone & Lanzara, 2019).

The third type is an advanced technique based on "cutting where needed."” In this method,
cuts are made crosswise on both sides of the panel using an improved kerf technique. This
allows the wood panel to be bent into 3D shapes, creating a double-curvature surface. The
blanks must be processed meticulously for the curves to be smooth (Bianconi & Filippucci,
2020) (See Figure 2c as an example).

Many studies in the literature deal with the relationship between kerf-cutting techniques
and the form flexibility provided by the kerf technique, as summarised in Kirkpmar et al.
(2024). However, no study investigates the relationship between the type of wood, the kerf-
cutting technique, and the load-bearing capability of the sample. This study aims to fill this
gap in the literature. Experiments were conducted to assess the bending capacity of various
wood types and the loads they could endure to achieve this aim. Based on the test results, a
comprehensive analysis of the flexural capacity was performed, and valuable information was
provided to the literature. The method involved testing samples of materials in a workshop
setting. Simple timber beams were subjected to a single-centred load to determine their
deformation. The bending radius and the load-bearing capacity at rupture were precisely
measured for different kerf patterns and wood types. Finally, the data from these experiments
were analysed and optimised through comparative analysis to enhance the performance of
flexible prototypes.

1.1 Main Concepts

Wood is widely used in various fields, ranging from solid wood to engineered wood
products such as plywood, fibreboard, particleboard, laminated timber, and carpenter board
(Kretschmann, 2010). Additionally, it serves as a coating material and functions as a
structural element or complement in architectural constructions. The effective use of wood,
particularly in bending applications, depends on selecting appropriate wood species and
varieties based on their mechanical properties (Dogu, 2016). In this context, wood species are
classified according to specific gravity, compressive strength, bending strength, and modulus
of elasticity. Since physical characteristics influence the mechanical properties of wood, this
classification is presented in two tables for hardwoods and softwoods (See Tables 1 and 2).

Hardwoods, classified as angiosperms with anatomically porous structures, are
distinguished by their broad leaves. They are widely used in construction, architecture, and
interior woodworking. Common broad-leaved tree species with similar anatomical
characteristics include maple, chestnut, alder, birch, hornbeam, beech, ash, walnut, plane,
poplar, oak, willow, elm, olive, and ebony (Farmer, 1972). Most tropical trees, particularly
teak and iroko, are also classified as hardwoods (Kukachka, 1970) (see Table 1).

Softwoods, botanically classified as gymnosperms and conifers, are characterised by their
non-porous anatomical structure. They typically have needle- or scale-like leaves that remain
evergreen. Softwoods are widely used in construction for various applications, including
scaffolding, cabinetry, framing, veneering, flooring, and panelling. Notable coniferous species
include fir, cedar, cypress, juniper, spruce, pine, larch, linden, mahogany, and ayous (Alden,
1997) (see Table 2).
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Table 1. Properties of Hardwoods (reproduced from Timberpolis, 2003)

Tvpe Origin Body/ Tree Size  Specific Bending Modulus of  Compressive Use Area
P 4 Diameter / Height  Weight Strength Elasticity Strength
Solid and veneered furniture, musical
North instruments, kitchen appliances, shoe molds,
Maple America 06-1.0m 25-30m 044 73,8 MPa 10,00 GPa 41,0 MPa carving, marquetry, finishing works, parquet,
toys, plywood, tool handles,
Cherry  Noth 6 i5m o 15-30m 059 848MPa  1030GPa 49,0 MPa window frames, exterior cladding, parquet,
America pergola, furniture
Mulberry — China  03-05m 10-15m 069 806MPa  932GPa  482MPa solid and veneered furniture,
turning, plywood tool
Chestnut  EUOP® 15 o0m  30-37m 044 71,4MPa  861GPa  438MPa window frames, exterior cladding, parquet,
Asia pergola, furniture
igir;)pe, Solid wood, plywood, veneer, modelling,
Alder North 06-10m 15-24m 058 71,7 MPa 8,48 GPa 47,4 MPa clogs, toys, cigarette boxes, carved and
- turned works
America
North furniture, carved works, musical instruments,
Birch . 06-10m 20-30m 055 1145MPa 13,86 GPa 56,3 MPa sled and ski, plywood production, barrel,
America
reel, shuttle, shoe mold
Europe, small-sized products, kitchen appliances,
Hornbeam Asia 06-10m 15-20m 0.598 1104 MPa  12,10GPa 50,5 MPa shoe mold. measurement tools
United
Nations, furniture, plywood, cars, parquet, shoe
Beech North 1-15m 30-40m 055 110,1 MPa 14,31 GPa 57,0 MPa molds, packing crates, toys, boat and oven
America, shovels, tool handles,
Europe
Ash Noth o6 15m  20-30m 054 1035MPa  12,00GPa 51,1 MPa solid and veneered furniture, turning,
America plywood tool making, sports tools
Walnut Unl_ted m 30m 036 55,9 MPa 8,14 GPa 352 MPa furniture, solid and_ veqeered, carved and
Nations turned works, musical instruments
kitchenware making,
Plane Europe 1-15m 20-35m 052 74,7 MPa 8,90 GPa 40,8 MPa packaging industry
turned and inlaid works
popular  NOM 9 y5m 25.30m 031 469MPa  759GPa  27,7MPa match production
America veneer and plywood
Turke doors, windows, stairs, flooring, parquet,
Oak Euro Z’ 1,2-20m 25-37m 0.62 1143 MPa 10,81 GPa 56,4 MPa barrel, wagon, car, ship, boat, bridge, and
P pier, furniture
. Europe, ' .
Willow Asia 1-12m 20-30m 0.34 56,2 MPa 7,76 GPa 26,9 MPa cosmetics, medical
Elm Europe  1-15m  25-35m 043 687MPa  752GPa 32,0 MPa furniture, solid and veneer, tuming, parquet,
boating, bridge, and pier
Mediterra
nean, coating in furniture production
Olive Europe, 03 8-15m 094 6439MPa  444GPa  53.17MPa 9 ture proauiction,
. brush handle, trinket making
Asia and
Africa
Teak Asia 1-15m 30-40m 0.55 96,1 MPa 10,83 GPa 53,6 MPa yachts, garden furniture
Iroko Africa  1-15m  30-40m 055 87.6MPa  938GPa 54,0 MPa indoor and outdoor furniture, - flooring,
exterior, stairs
valuable and expensive furniture,
Ebony  Africa  0,6m 15-18m 090 167.6MPa  17,20GPa 89,5 MPa tumed, inlaid, and carved = works,

musical instruments, furniture, door handles,
and knife handles
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Table 2. Properties of Softwoods (reproduced from Timberpolis, 2003)

Body/ Tree Specific  Bending Modulus Compressive
Type Origin . Size/ h of Use Area
Diameter Height Weight  Strength Elasticity Strength
Germany, . .
Fir France, ~ 1-15m 3046m 0353  661MPa 828GPa 410Mpa Paper factories, mold, medical,
Asia wool dyeing with shells
Israel, 15 - 21 flooring panelling wooden
Cedar Lebanon, m 30-40m 041 82,0 MPa 10,10 GPa 42,0 MPa camellia, and pergola
Turkey
Interior and exterior parts of
Cypress Xorth_ 12 - 18 30 - 37 49 766 MPa 9,79 GPa 43,5 MPa buildings, ships, bridges, and piers,
merica m m -
furniture, turned works,
Juniper North_ 1-12m 30 - 35 0.44 60,7 MPa 6,07 GPa 41,5 MPa pencil, lumber
America m
Spruce Europe 1-15m ;5 - % 0.38 63,0 MPa 9,70 GPa 35,5 MPa lumber, furniture, paper factories
Pine Unl?ed 06-1m 18 - 30 0.54 1124 MPa 1370 GPa 56,1 MPa medicinal, perfume essence, timber,
Nations m pulp
Europe, 20 - 35 construction  work, carpentry,
Larch Africa, 06-1m m 0.41 64,4 MPa 10,81 GPa 38,4 MPa various household items, packing
Asia cases, bridge, and ship
Linden Europe 15-2m 2040 g4 854 MPa 11,71 GPa 44,8 MPa match production, shoe ~ molds,
m duralite production, carving arts
in shipping, musical instruments,
Mahogany  Africa 0.7 - 12 30 - 50 465 1030MPa 940GPa 532Mpa  [rames, parquet, stair making, lathe,
m m carved and inlaid works, solid and
veneered furniture
Ayous  Africa 0715m 950 538 1100MPa . 30,87 Mpa  S3uUnd sauna  accessories, and
m furniture

A detailed analysis of the hardwood and softwood properties reveals that species such as
birch (13.86 GPa), hornbeam (12.10 GPa), beech (14.31 GPa), ash (12.00 GPa), oak (10.81
GPa), teak (10.83 GPa), and ebony (17.20 GPa) among hardwoods, as well as cedar (10.10
GPa), pine (13.70 GPa), larch (10.81 GPa), and linden (11.71 GPa) among softwoods, exhibit
relatively high modulus of elasticity. Furthermore, findings by As and Bulyiksar1 (2010)
indicate that certain species, such as alder, beech, birch, fir, hornbeam, spruce, and teak,
demonstrate high minimum bending radii both with and without support, making them
particularly suitable for bending applications. These insights guided the selection and testing
of species in our study, focusing on those with promising mechanical properties for kerf-
cutting and bending performance.

1.2 Preliminary experiments

To evaluate the potential of different wood types and kerf patterns for bending
applications, several wood species (mulberry, linden, cherry, walnut, chestnut, mahogany, and
oak) were cut using two distinct patterns: slit kerf cutting and fringe kerf cutting. The
experimental results (Tables 3 and 4) indicate that cherry, walnut, and chestnut exhibited
higher flexibility, whereas mahogany proved challenging to bend. Oak samples experienced
breaks and cracks during cutting and could not be tested as a result (Kirkpimar, 2024).
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Table 3. Classification of Wood Species’ Flexibility

Flexibility Based on the Kerf Technique Depending on Wood Species

Mulberry Linden
Wood
Slit kerf Slit kerf
Cutting
Type
Result
Flexibility

Table 4. Classification of Wood Species Flexibility

Flexibility Based on the Kerf Technique Depending on Wood Species

Cherry Walnut Chestnut Mahagony Oak
Wood
Fringe kerf Fringe kerf Fringe kerf Fringe kerf Fringe kerf
Cutting %
Flexible Flexible Flexible Flexible Less flexible
Flexibility

2 Materials and Methods

This study investigated the flexibility achieved through kerf-cutting across various tree
species, focusing on the extent of flexibility attainable with this technique as the primary
research objective. A detailed evaluation assessed the flexibility of different tree species
subjected to kerf cutting. The initial analyses were preliminary and aimed at preparing the
experimental setup.

2.1 Materials

After analysing the literature and the preliminary experiments, five different hardwood
types (walnut, ash, iroko, cherry, and chestnut) with different bending strengths and modulus
of elasticity were chosen among species broadly available for developing industrial products.
Due to the unavailability of cherry and chestnut samples with equivalent quality and dryness
levels, they were excluded from the testing phase despite promising results in the preliminary
experiments. The details of the three selected species (walnut, ash, and iroko) are shown in
Figure 2. Walnut was selected for its flexibility as demonstrated in the preliminary tests, while
ash wood was chosen based on literature findings indicating its common use in prototyping
furniture made with kerf techniques. Iroko was selected for its aesthetic properties and
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durability. All selected woods were commercially sourced from furniture production suppliers
and dried to a moisture content below 17%.

Ashwood

Iroko

Walnut

Figure 2. Wood samples used in the test

2.2 Samples’ preparation

The selected materials were prepared and cut to fit experimental conditions and testing
devices. The test samples were prepared with a length of 500 mm in accordance with the
standard seat width in furniture design. They had a width of 80 mm suitable for the saw blade
used in cutting and testing, and a thickness of 20 mm consistent with typical material
thickness in furniture production (see Figure 3).

Fringe kerf, which is one of the most commonly used cutting methods, was selected for
testing due to its relatively simple cutting process compared to other kerf types, referring to
the table on kerf-cutting techniques and corresponding examples examined in Kirkpimar et al.
(2024). Preliminary experiments determined the optimal kerf spacing: 4 cm intervals were
insufficient for elasticity distribution, while intervals less than 2 cm compromised cutting
quality and caused breaks due to blade thickness. Consequently, the kerf interval was set to 2
cm. Samples made with 2 cm intervals were called Wa2 (walnut wood), As2 (ash wood), and
Ir2 (iroko wood). Three beams were cut for each type of wood.

19 38 : 38

e
~

80 mm

20

500 mm

10

80 mm

10

500 mm

Figure 3. Dimension of the Samples

1 cm kerf depth samples of ash wood were also prepared, owing to the wood's higher
bending strength, to understand the impact of the cutting intervals (Timberpolis, 2003).
Samples with a 1 cm kerf depth are called Asl (Table 5).
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Table 5. Classification of Samples

Sample name Wood type Kerf depth Number of samples
Walnut2 (Wa2) walnut 2cm 3

Ash 1 (Asl) ash lcm 3

Ash 2 (As2) ash 2cm 3

Iroko 2 (Ir2) iroko 2cm 3

2.3  Experimental Method

This section presents the methodology used to determine the bending properties of the
selected wood species. The methodology aims to identify the maximum deformation at failure
and the minimum bending radius of the selected samples. Determining the load at failure and
the corresponding maximum deformation is crucial, as it indicates the maximum load the
samples can bear. Additionally, the minimum bending radius provides insight into the
material's flexibility.

A simple experimental testing method was used to determine the bending properties of
wooden beams. A wood beam was placed on two supports spaced 460 mm apart and loosely
fixed with nails to allow rotation without sliding, as seen in Figure 4.

The beam was loaded first with 7900 grams and then by increments of 100 grams until it
ruptured. The maximum bending radius was determined at rupture. The experiment was
repeated on three identical samples for each wood type.

sample

dynamometer
milimetric paper

load

support

20 460mm 20
E 230 mm 230 mm | ‘

wood sample

(’\

~

nailed point nailed poim\\_/

dynumomclcr

support support

Figure 4. Testing Setup
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Simple devices were used to collect relevant data to determine the bending radius and
maximum load at rupture.

e A dynamometer was used to determine the load applied to the beam, as all loads were
suspended. The maximum load supported at the centre point of the sample when the
fracture occurred was recorded by reading it from the dynamometer.

e A millimetric paper was placed behind the setup to measure the deformation of the
beam at each step of the experiment, and a high-definition video camera placed
perpendicularly in front of the setup was used to record the results.

e Using the camera allowed the exact bending radius at the first visible rupture to be
determined. The visible rupture was determined by hearing a cracking sound from the
beam.

3 Findings and Discussion

This study sequentially tested nine samples from three different wood types under the same
experimental setup in a workshop environment. Three samples of each material were recorded
for deformation under a constant load (7900 grams) and deformation at failure. The maximum
bending was calculated from the deformation at failure. The results are summarised in Tables
6 and 7 and Figure 5. The deformation for ash wood (As2, 75 mm) and walnut wood (Waz2,
66 mm) under the same load shows that ash wood allows for much more deformation than
walnut, which has a smaller resistance to bending. Moreover, no results could be obtained for
iroko wood (Ir2) as 7900 grams was above the material's limit.

The failure load and deformation of samples are consistent with the behaviour under a
7900-gram load. Ir2 failed with the smallest load (6200 grams and 71 mm deformation), while
As?2 failed with a 15400-gram load and 112 mm deformation. Wa2 failed under an 8050-gram
load (higher than 1r2) but presented only 70 mm of deformation (less than Ir2).

These results show the impact of the kerf cutting on the deformation and resistance of
samples. While ash wood has the highest modulus of elasticity among the three chosen wood
types (ref above) and should present a higher rigidity for the same load, As2 samples present
more deformation than Wa2 under the same load. Similarly, iroko has higher bending strength
and modulus of elasticity than walnut, but Ir2 samples were broken under a smaller load and
larger deformation than Wa2 samples (Table 7). This data shows that walnuts seem to have
better resistance to deformation, while kerf cuts are better than other wood types despite a
lower modulus of elasticity and bending strength. The failure patterns of As2 and Wa2
corroborate this behaviour. Figure 6 shows the failure patterns of As2 and Wa2. As expected,
the As2 samples break in the middle at the load's application point. In contrast, Wa2 samples
break at the support interface, showing that the failure is due to the weakened connection
point obtained by nailing the samples to the support.

In contrast, ash wood allows large deformation before breaking (112 mm and 85 mm,
respectively, for As2 and Asl) while supporting higher loads than other samples. These
results are consistent with ash wood's higher bending strength and modulus of elasticity
compared to walnut and iroko wood (Timberpolis, 2003).

The comparison between Asl and As2 samples shows the impact of the cutting intervals
on the samples' bending strength. Despite Asl samples having higher flexibility due to the
smaller interval between cuts according to the literature, their bending strength and
deformation at failure are much lower than those of the As2 samples. However, their breaking
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patterns are similar to a failure of the timber in the middle of the sample, where the width of
the wood is the smallest (see Figure 6). This fact is probably due to the lower amount of
material left to support the load, and the only 1 cm width of timber between the cut and the
side of the beam, leading to an early failure despite lower deformation.

Table 6. Deformation of samples under a 7900-gram load

Deformation under 7900-gram load

Average deformation Minimum deformation Maximum deformation
sample (mm) (mm) (mm)
Ir2 Failed Failed Failed
Wa2 66 63 68
As2 75 72 79

Table 7. Deformation, maximum load, and bending radius at failure

Deformation and load at failure Maximum bending radius (mm)
Average deformation Average load () (average radius at failure)
sample (mm)
Ir2 71 6200 408
Wa2 70 8050 413
As2 112 15400 292
Asl 85 8700 354
Average load
(an)
JAN
15400
15000
100001
87004
80501
7900
62001
5000,
Max.
+ +—H——+ + + + deformation
3 8RN R 8 § g > (mm)tl
B Bes: B (O Breaking point under
max. load

Figure 5. The relationship between average loads and maximum deformation for each sample

It should be noted that the scale of the samples tested influences their load-deformation
behaviour. Larger components may experience greater internal stress variations, and the
effects of kerf spacing and depth may become nonlinear at increased dimensions. While this
study uses a standardised sample size suitable for furniture components, future research
should address scalability and its effects on kerf-induced flexibility and strength.
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Figure 6. Failure pattern of samples Wa2 (a), As2 (b) and AS1 (c)
4 Conclusion

The literature review reveals limited research on wood processing using the kerf-cutting
technique. While this method has been explored in various applications, comprehensive
studies on its effects on elasticity and structural performance are scarce. To address this gap,
an experimental setup was designed to evaluate the bending capacity of wooden pieces
processed using the kerf technigue.

e The results of the experiments indicate that iroko is not well-suited for kerf cutting as
the process significantly reduces its strength and allows only minimal deformation.
Among the three wood species tested for wooden furniture prototypes, ash exhibited the
highest deformation and bending strength, making it the most flexible option. Walnut,
on the other hand, demonstrated lower deformation under load compared to ash. Due to
its reduced flexibility, walnut is preferable for designs that require greater stiffness and
higher structural strength.

e The findings also emphasise the importance of testing different kerf patterns to
determine the most suitable design for specific applications. The kerf-cutting technique
considerably reduces the material’s strength under load, making it essential to select an
appropriate pattern to achieve the desired balance between flexibility and structural
integrity.

e Based on the deformation and stress results, walnut appears suitable for semi-structural
elements where strength is critical. In contrast, with higher deformation before failure,
ash could be advantageous for kinetic elements such as acoustic panels, flexible screens,
or ergonomic furniture components requiring adaptable curvature.

e The kerf-cutting technique remains underrepresented in existing research despite its
potential. Further studies are needed to identify the most suitable wood species for kerf
applications and assess the impact of kerf patterns on both strength and bending
performance. Additionally, although visual observations suggest that the technique may
be effective for kinetic panel applications, the long-term impact of repeated loading and
unloading cycles has not been examined. A comparative study of different timber
species under cyclic loading conditions would provide valuable insights for optimising
the use of kerf-cut wood in structural and design applications.

27



Kiwrkpinar et al., Furniture and Wooden Material Research Journal, 8 (1), 17-29

Authors’ Contribution

Gokce Kirkpmar: Conceptualisation (development of research idea and aims), conducting
research, conducting analyses, resources, visualization, drafting an article, writing an article
Yenal Akgin: Conceptualisation (development of research idea and aims), project
management, determination of methodology, conducting research, conducting analyses, data
curation, resources, visualization, writing article, reviewing and editing. Matthieu Joseph
Pedergnana: Conceptualisation (development of research idea and objectives), conducting
research, Data curation, review, and editing.

Funding Statement
This project was not supported by any organisation.

Conflict of Interest Statement
The authors declare no conflict of interest.

References

Alden, H. A., (1997). Softwoods of North America (Gen. Tech. Rep. FPL-GTR-102). U.S.
Department of Agriculture, Forest Service, Forest Products Laboratory. DOI:
10.2737/FPL-GTR-102.

As, N. & Biiyiiksar1, U., (2010). Bending of Solid Wood, Journal of the Faculty of Forestry.
Istanbul University, 60(1), 29-37, DOI: 10.17099/jffiu.17763.

Bianconi, F., and Filippucci, M., (2020). Digital wood design: Innovative techniques of
representation in architectural design, Springer.

Capone, M., and Lanzara, E., (2019). Parametric kerf bending: Manufacturing double
curvature surfaces for wooden furniture design. In F. Bianconi & M. Filippucci (Eds.),
Digital wood design: Innovative techniques of representation in architectural design (pp.
415-439). Springer. DOI: 10.1007/978-3-030-03676-8_15.

Dogu, A. D., (2016). The importance of wood identification, Journal of Restoration and
Conservation Studies, (16), 59-71, DOI: 10.2488/jwrs.62.240.

Farmer, R. H., (1972). Handbook of Hardwoods (2nd ed.). Building research establishment,
princes risborough laboratory. London: Her Majesty’s Stationery Office.

Florkowsk, M., Kuniewski, M. and Mikrut, P., (2024). Effects of mechanical transversal
bending of power cable on partial discharges and dielectric-loss evolution. IEEE
Transactions on Dielectrics and Electrical Insulation, 31(6), 3277-3284, DOI:
10.1109/TDEI.2024.3382642

Greenberg, E., and Korner, A., (2014). Subtractive manufacturing for variable-stiffness
plywood composite structures. In the International Conference on Sustainable Design and
Manufacturing.

Hao, X. and Chen, S., (2024). Mechanical properties of glass plate during anticlastic cold
bending. challenging glass conference proceedings. 9. Louter, Bos & Belis (Eds.)
International Conference on the Architectural and Structural Application of Glass
Challenging Glass Conference 9 — 19 & 20 June 2024 — TU Delft — The Netherlands. DOI:
10.47982/cgc.9.613

28


https://doi.org/10.2737/FPL-GTR-102
https://doi.org/10.17099/jffiu.17763
https://doi.org/10.1007/978-3-030-03676-8_15
https://doi.org/10.2488/jwrs.62.240
https://doi.org/10.1109/TDEI.2024.3382642
https://doi.org/10.47982/cgc.9.613

Kiwrkpinar et al., Furniture and Wooden Material Research Journal, 8 (1), 17-29

Kirkpmar, G., Akgin, Y. and Pedergnana, J. M., (2024). Ahsap malzemede kerf kesim teknigi

tizerine bir degerlendirme, Mobilya ve Ahsap Malzeme Arastirmalart Dergisi, 7 (1), 54-69,
DOI: 10.33725/mamad.1473063

Kretschmann, D., (2010). Wood handbook: Wood as an engineering material. Madison, WI:
U.S. Department of Agriculture, Forest Service, Forest Products Laboratory.

Kukachka, B. F., (1970). Properties of imported tropical woods (Res. Pap. FPL 125). U.S.
Department of Agriculture, Forest Service, Forest Products Laboratory.

Kwon, E., Park, H. and Yang, J., (2024). Hot bending—quenching characteristics of heat
treatable A6063 aluminum tubes, Metals, 14. 1380. DOI: 10.3390/met14121380

Lee, C.J., Hwang, J. and Oh, S., (2021). Effect of combined radio-frequency/vacuum-press
drying on the strength properties of Japanese larch board, Drying Technology. 40(14). 1-8.
DOI: 10.1080/07373937.2021.1967972

Mao, J., Yuan, J., Guo, Z., Tian, P., Zhang, J. and Zhang, Q., (2024). Enhancing bending
performance of ultrathin flexible glass through chemical strengthening, International
Journal of Applied Glass Science. 15(3). 267-275. DOI: 10.1111/ijag.16659

Shahid, Z., Hubbard, J. E., Kalantar, N., and Muliana, A., (2021). An investigation of the
dynamic response of architectural kerf structures, Austria: Springer-Verlag GmbH. 233,
157-181. DOI: 10.1007/s00707-021-03108-z

Shi, J., Li, Z., Chen, H., Wu, Z., Ji, J., Xia, C., and Zhong, T., (2024). Tunable bending
characteristics of bamboo by regulating moisture content for bamboo curved component
manufacturing, Industrial Crops and Products. DOI: 10.1016/j.indcrop.2024.119365

Teuffel, P., et al., (2009). Computational morphogenesis using environmental simulation
tools. In valencia symposium of the international association for shell and spatial
structures: evolution and trends in design, analysis, and construction of shell and spatial
structures: Proceedings. Editorial Universitat Politecnica de Valencia.

Timberpolis., (2003). Timberpolis wood species. Retrieved January 12, 2024, from
https://www.timberpolis.net/wood-species

Whinney, C., (2019). Wood steam: Discover the unique craft of steam bending. London: Kyle
Books.

Zarrinmehr, S., Akleman, E., Ettehad, M., Kalantar, N., and Borhani, A., (2017). Kerfing with
generalized 2D meander patterns: Conversion of planar rigid panels into locally flexible
panels with stiffness control. In G. Cagdas, M. OzKkar, L. F. Giil, & E. Giirer (Eds.), Future
trajectories of computation in design. 276-293. Istanbul, Turkey: Publisher.

Zhang, Y., Cui, Y., Wang, S., Zhao, X., Wang, F. and Wu, G., (2020). Effect of Microwave
Treatment on Bending Properties of carbon nanotube/Wood Plastic Composites by
Selective Laser Sintering, Materials Letters. 267. DOI: 10.1016/j.matlet.2020.127547

29


https://doi.org/10.33725/mamad.1473063
https://doi.org/10.3390/met14121380
https://doi.org/10.1080/07373937.2021.1967972
https://doi.org/10.1111/ijag.16659
https://doi.org/10.1007/s00707-021-03108-z
https://doi.org/10.1016/j.indcrop.2024.119365
https://www.timberpolis.net/wood-species
https://doi.org/10.1016/j.matlet.2020.127547

Mobilya ve Ahsap Malzeme Arastirmalar: Dergisi

Furniture and Wooden Material Research Journal
Arastirma Makalesi - Research Article 2025 - 8(1), 30-42

Cennet agacindan (Ailanthus altissima (Mill.) Swingle) elde edilen yapisal
ahsabin Avrupa standartlarina gore mukavemet simflandirmasi

Fatih Kurul**

OZ: Hizli gelisen ve istilact bir tiir olan cennet agac1 (Ailanthus altissima (Mill.) Swingle)
odunundan elde edilen farkli boyutlardaki yapisal tahtalar (toplam 163 adet) dncelikle DIN
4074-5 (2008) standartlarina gore gorsel olarak siniflandirilmistir. Sonrasinda vibrasyon
yontemi kullanilarak tahribatsiz testler yapilmis ve son olarak TS EN 408 (2014) standardina
gore 4-noktal egilme testleri gerceklestirilmistir. Bu test sonuglarindan elde edilen verilerle
gorsel ve makine mukavemet smiflar1 belirlenmistir. Tahribatsiz testler sonucunda ortalama
dinamik elastikiyet modiilii 17838 MPa bulunmustur. Mekanik testlerde ise ortalama egilme
direnci 96,6 MPa ve elastikiyet modiili 16647 MPa olarak tespit edilmistir. Gorsel
mukavemet siniflandirmasinda, LS13 ve ret olmak Uzere iki gorsel sinif belirlenmistir. LS13
smifindakiler D50 mukavemet sinifina atanirken, reddedilen tahtalar i¢in bir mukavemet simnifi
karsilig1 belirlenememistir. D50 mukavemet sinifini1 belirleyen 6zellik karakteristik yogunluk
degeri olmustur. Makine mukavemet smiflandirmasinda, D60-D55-D50-Ret ideal makine
ayarlart yapilmig ve TS EN 14081-2 (2022) standardina gore dogrulugu onaylanmistir.
Makine mukavemet smiflandirmasi, yiiksek verim ve daha yiiksek mukavemet smiflarma
ulasilmas1 nedeniyle gorsel mukavemet siniflandirmasindan daha avantajli bulunmustur.
Yapisal kullanim igin yiiksek potansiyele sahip bu tiirin, plantasyon ormanciliginda
alternatifler arasinda degerlendirilmesi gerektigi diisiiniilmektedir.

Anahtar kelimeler: Cennet agaci, Gorsel ve makine siniflandirmasi, Yapisal karakterizasyon

Strength grading of structural wood obtained from the tree of heaven (Ailanthus
altissima (Mill.) Swingle) according to European standards

ABSTRACT: Structural boards (163 pieces in total) of different sizes obtained from the
wood of the tree of heaven (Ailanthus altissima (Mill.) Swingle), a fast-growing and invasive
species, were first visually graded according to DIN 4074-5(2008) standards. Then, non-
destructive tests were performed using the vibration method, and finally, 4-point bending tests
were performed according to the TS EN 408(2014) standard. Visual and machine strength
grades were determined with the data obtained from these test results. As a result of the non-
destructive tests, the average dynamic modulus of elasticity was 17838 MPa. In the
mechanical tests, the average bending strength was determined as 96.6 MPa, and the modulus
of elasticity was 16647 MPa. In the visual strength grading, two visual classes were
determined: LS13 and reject. While those in the LS13 grade were assigned to the D50
strength class, a strength class could not be determined for the rejected boards. The
characteristic density was the feature that determined the D50 strength class. In the machine
strength grading, ideal machine settings were determined as D60-D55-D50-Reject, and the
accuracy was verified according to the TS EN 14081-2 (2022) standard. The machine strength
grading was found to be more advantageous than the visual strength grading due to its higher
efficiency and ability to reach higher strength grades. This species, which has high potential
for structural use, should be evaluated for alternative uses in plantation forestry.

Keywords: Tree of heaven, Visual and machine strength grading, Structural characterization
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1 Giris

Ahsap yapilar, ge¢miste lilkemizde sik¢a tercih edilen yapi tiirlerinden olsa da yasanan
biiyiik yanginlar, malzeme hakkinda yetersiz bilgi, ormanlarin azalacagi diislincesi ve hizli
kentlesme gibi sebeplerden dolay1 yerini betonarme yapilara brakmistir (Gezer ve ark.,
2021). Guniimiizde ahsap kullanimi, 6zellikle siirdiiriilebilirlik ve gevresel etki bakimindan
tekrardan 6nem kazanmaktadir. Ahsap, yenilenebilir bir kaynak olarak dogal dongiiye katkida
bulunur ve karbondioksit depolama kapasitesine sahiptir. Bu husus, diinyada problem haline
gelen iklim degisikligiyle mucadelede 6nemli bir rol oynar. Ayrica, ahsap malzeme insaat
sektoriinde, enerji verimliligi saglayan ve ¢evre dostu alternatifler sunan bir secenek olarak
one ¢ikmaktadir. Ahsap, diisiik karbon ayak izi ve biyolojik ¢esitliligi koruma 6zellikleriyle,
yapisal kullanim i¢in aranan bir malzeme konumuna gelmistir. Bu nedenlerle, ahsap malzeme
kullanimi, gelecekteki siirdiiriilebilir kalkinma hedeflerine ulagsmada kritik bir 6neme sahiptir.
Ancak dogal bir malzeme olan ahsap anizotropik bir yapiya sahiptir. Cesitli kusurlar1 icermesi
nedeniyle ahsap aymi tiir i¢erisinde bile ¢esitli fiziksel ve mekanik 6zelliklere (varyasyona)
sahip olabilir. Bu nedenle tlkelerin belirledikleri yonetmelik ve standartlara uygun olarak
ingaat sekt0rl uygulamalarinda yalnizca mukavemet smifi belirlenmis yapisal ahsap
kullanilabilir. Boylece hem yapisal giivenligin saglanmasi hem de malzemenin ekonomik
kullanim1 hedeflenmektedir (Ridley-Ellis ve ark., 2016; Kurul ve As, 2024; Kurul ve ark.,
2024).

Her iilke, ahsab1 yapisal olarak smiflandirmak i¢in ulusal standartlar gelistirerek kendi
yapisal smiflandirma sistemini olusturmustur. Ulkemizde igne yaprakli agag tiirlerinin yapisal
gorsel smiflandirmasi i¢in TS 1265 (2012) standardir kullanilmaktadir. Genis yaprakli agag
tarleri icin ise standart olusturma c¢alismalar1 devam etmektedir. Cok farkli agag tiirleri
olmasi, yetisme yeri farkliliklar1 ve Ulkelerin farkli siniflandirma kurallar1 olmasi nedeniyle
Avrupa yapisal ahsap smiflandirma sistemi Onerilmektedir. Bu sistem, TS EN 14081-1
(2019), TS EN 14081-2 (2022), TS EN 14081-3 (2022) ve destekleyici standartlardan
olusmaktadr. TUm ulusal standartlar, bu sistemdeki asgari kosullar1 karsilamak zorundadir.
Yapisal ahsap U¢ temel ozellie gore mukavemet siniflarina ayrilir. Bunlar mukavemet
(egilme veya ¢ekme direnci), elastikiyet moduli (egilme veya ¢ekmede elastikiyet modiilii) ve
yogunluktur. TS EN 338 (2016) standardi mukavemet smiflarin1 ve 6zelliklerini igne ve genis
yaprakli agaglara gore ayr1 ayri belirtmektedir. TS EN 1912 (2024) standard: ise ilgili tim
iilkelerin ulusal gorsel sniflandirma standartlarma gore belirledigi mukavemet smiflarini
listeler. Boylece farkli {ilkeler arasinda yapisal ahsap aligverisinin gergeklesmesi
saglanmaktadir. (Stapel ve Kuilen, 2014; Ridley-Ellis ve ark., 2016). Giiniimiizde yapisal
ahsap siniflandirmasi igin gorsel siniflandirma ve makine smiflandirmasi olmak (zere iki
sistem bulunmaktadir. Ahsabin mukavemetini etkileyen budaklar, lif kivrikligi, 6z, ¢atlaklar,
yillik halka genisligi vb. parametreleri 6lgmeye dayanan gorsel siniflandirma yontemi eski
zamanlardan giiniimiize kadar uzanmaktadir (Stapel ve Kuilen, 2014; Arriaga ve ark., 2022;
Kurul ve As 2024). Makine siniflandirmasinda ise her parga tahribatsiz yontemlerle mekanik
olarak degerlendirilir ve tahribatsiz cihaz tarafindan bir veya daha fazla fiziksel-mekanik
Ozellik 6lgtlir. Smiflandirma siiresinin daha hizli olmasi, insandan kaynaklanacak hatalarmin
en aza indirilmesi ve daha yiksek mukavemet siniflar1 elde etme potansiyeli gibi nedenlerden
dolayr makine smiflandirmasmi gorsel smiflandirmaya gore daha avantajli bulunmaktadir
(Brunetti ve ark., 2016; Nocetti ve ark., 2016; Ravenshorst ve Kuilen, 2016; Ridley-Ellis ve
ark., 2016; Moltini ve ark., 2022; Kurul ve As, 2024).

Ulkemiz ormanlarinda mese, kaymn gibi genis yaprakli, karagam, kizilgam, sarigam,
gOknar, ladin ve sedir gibi igne yaprakli asli aga¢ tiirlerimiz orman varligimizin yaklasik
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%97’sini olusturmaktadir (OGM 2020). Ormanlarimiz iizerindeki iiretim baskisini azaltmak
icin bu tiirlere alternatif olarak hizli biiyiiyen tiirlerin belirlenmesi ve kullaniminin artirilmasi
gerekmektedir. Cesitli habitatlarda gelisme ve ¢ok ¢esitli toprak tiirlerinde biiylime yetenegine
sahip, oldukg¢a hizli biiyiiyen cennet agaci (Ailanthus altissima (Mill) Swingle) tlkemizde
plantasyon ormanciligt igin Onemli bir potansiyele sahiptir. Cennet agaci, bozulmus
habitatlarda bile hizli biiyiiyen, istilaci, ¢ok gesitli sicaklik ve nem seviyelerine, kotl hava ve
toprak sartlarina dayanikli, 6nemli bocek ve hastalik sorunlar1 gériinmeyen bir agag tiiriidiir
(Asaro ve ark., 2009; Kowarik ve Saumel, 2007). Negi ve ark., (2000) yaptig1 ¢alismada
Ailanthus’tan elde edilen kaplamalarin LVL yapimma uygun oldugunu, Elbadawi ve ark.,
(2015) yongalevha iiretimi i¢in umut vadeden bir hammadde olabilecegi sonucuna varmistir.
Bulgaristan'da yapilan ¢aligmalarda ise cennet agacinin kagit ve mobilya liretiminde basariyla
kullanilabilen, hizli bityliyen bir tiir oldugunu ve zengin bir kaynak olarak kabul edilebilecegi,
dahasi diisiik maliyetli bir hammadde oldugunu ve deneysel plantasyonlarmm kurulmasmin
uygun oldugu sonucuna varilmstir. (Panayotov ve ark., 2001; Kozuharova ve ark., 2014).
Biitiin bu 6zellikleri diisiintildiiglinde cennet agaci her tiir iklim ve ¢evresel kosullara uyum
saglayabilmesi, hizl1 biiyiimesi, gorece sert ve direncli bir oduna sahip olmasi nedeniyle
yapisal ahsap ve ahsap esasli iirlinlerin iiretiminde avantajli bir tiir olarak karsimiza
¢cikmaktadir.

Bu c¢alismanin amaci, cennet agacindan elde edilen yapisal tahtalar icin Avrupa
standartlarina gore gorsel ve makine mukavemet smiflarini belirlemek, gorsel ve makine
smiflandirmasindan elde edilen mukavemet smiflarini karsilastirmak ve secilen yontem ve
parametreler icin TS EN 14081 prosediirlerinin nasil uygulanacagini gostererek benzer
calismalara temel olusturmaktir.

2 Materyal ve Metot
2.1 Materyal

Bu ¢alismada, Istanbul Universitesi-Cerrahpasa Arastirma ormanindan (Istanbul/Tiirkiye)
kesilen ortalama 17 yasindaki cennet agaci (Ailanthus altissima (Mill.) Swingle) odunundan
elde edilen tahtalar kullanilmistir. Taslak halinde bigilen tahtalar %12 denge rutubetine kadar
kurutulmustur. Sonrasinda en ko6tii kusur tahtalarin ortasinda kalacak sekilde 20x40x780 mm,
30x40x780 mm, 20x50x1000 mm ve 30x50x1000 mm (genislik x yukseklik x uzunluk) net
Olciilere bigilerek toplam 163 adet yapisal tahta elde edilmistir. Yapisal tahtalarin rutubet
miktari, TS EN 13183-2 (2002) standardinda tanimlanan prosediir takip edilerek direnc tipi
rutubet Olgerle belirlenmistir. Yapisal tahtalarin ortalama rutubet miktar1 %13,2 olarak tespit
edilmistir. Cizelge 1°de elde edilen 6rneklere ait bilgiler yer almaktadir.

Cizelge 1. Cennet agacindan elde edilen yapisal tahtalarin kesit dlgiileri ve adetleri

Kesit Olculeri Adet Rutubet

ur (mm) Miktar1 (%)

20x40x780 39
Cennet 30x40x780 41

Agaci 20x50x1000 42 13,2
30x50x1000 41
Toplam 163
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2.2 Metot

Bu c¢aligmada, elde edilen toplam 163 yapisal tahta iizerinde sirasiyla; DIN 4074-5
standardina gore gorsel siniflandirma, vibrasyon metodu kullanilarak tahribatsiz
degerlendirme, TS EN 408 (2014) standardina gore de tahribathi egilme testleri yapilmustir.
Elde edilen veriler kullanilarak Avrupa standardina gore gorsel ve makine mukavemet
smiflar1 belirlenmistir. Asagida sirastyla tiim prosediirler detayl sekilde agiklanmustir.

2.2.1 Gorsel ssmflandirma

Yapisal tahtalar i¢in bazi gorsel siiflandirma Kriterleri, DIN 4074-5 (2008)'e gore Cizelge
2'de tanmmlanmustr. Ulkemizde genis yaprakli agaclardan elde edilen yapisal ahsaplarin
gorsel smiflandirmasi igin bir standart bulunmadig: igin bu standart tercih edilmistir. Igne
yaprakli aga¢ gorsel smiflandirma standardimizin DIN 4074-1 standardi ile ¢ok benzer olmas1
da bu standardin se¢ilmesinin bir bagka gerek¢esini olusturmustur. Budak ¢ap1 oran1 (BCO),
budak ¢apmin tahta genisliginin iki katma boliinmesiyle elde edilmektedir. Bu nedenle,
budaklar tiim tahta boyunca gorsel olarak belirlenmis ve en biiyiik paralel ¢apa sahip budaklar
tespit edilmistir. Ilgili standarda gore budaklar tekli ve toplu budaklar olarak ikiye
ayrilmaktadr. Tekli budaklar Sekil la, toplu budaklar ise Sekil 1b'de gosterildigi gibi
Olglilmiistiir. Budak capi, her iki durum igin de budagm bulundugu yiizey eksine paralel
uzunlugu olarak kabul edilmistir. Ayrica, lif kivriklig1, yillik halka genisligi ve diger kusurlar
DIN 4074-5 (2008)'de belirtildigi sekilde olgiilmiistiir.

Cizelge 2. DIN 4074-5 standardina gore yapisal tahta simiflandirma kriterleri

Smaiflar
Smiflandirma
Kriterleri LS 7 (Siif LS 10 (Smuf LS 13 (Smuf
3) 2) 1)
Tekli budak 0,50 0,33 0,20
Toplu budak 0,66 0,50 0,33
Lif krvrikligt %16 %12 %7
Yillik halka genisligi - - -
(a) (b) -
. a. : P = " ‘ 1
7-‘ ] \g.b/ a; |
' A - 4 P
e - |
4k N w‘

A1432433+3,4+35+36+37

BCO =
¢ 2b

s fﬂ’ N \1-;:] Lall
Sekil 1. DIN 4074-5 (2008) standardina gore yapisal tahtalarda budak 6l¢iim metotlart:
(a) tekli budak ve (b) toplu budak
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2.2.2 Tahribatsiz degerlendirme

Gorsel degerlendirmeden sonra, dinamik elastikiyet moduli (MOEg) boyuna vibrasyon
yontemi kullanilarak belirlenmistir. Ilk olarak orneklerin en kesit olglleri 0.01 mm
hassasiyetli kompasla, boylar1 ise metre yardimiyla Olgiilerek kaydedilmistir. Boyuna
vibrasyon yontemi, dogal frekansi (rezonans frekansi) 0lgen bir yontemidir. Test diizenegi
Sekil 2’de gosterilmistir. Test prosediiriinde, Ornekler yumusak poliiiretan yastikla
desteklenmis iki mesnet Uzerine yerlestirilir. Mesnetlerden birinde tartt vardir ve her bir
parcanin kiitlesi de bu sekilde kaydedilir. Bir ¢eki¢ yardimiyla numunenin bir ucundan
vurulur ve stres dalga olusturulur. Bu dalga test parcasinin diger ucuna kadar Ornegin
hacminin tamamini tarayarak ilerler. Diger uca yerlestirilen bir mikrofon vasitasiyla
yakalanarak bilgisayara aktarilir. Hizli Fourier dontisiimii (FFT) programi ile sesin dogal
frekans1 belirlenir. Sonrasinda vibrasyon yontemi igin dinamik elastikiyet moduli
(MOEdg,ib,%12) Denklem 1'e gore hesaplanmaktadir.

2

MOE g ingin> = 1o ootz 107° (1)

Burada; MOEqgvib%i2 dinamik elastikiyet moduli (MPa), fo dogal frekans (Hz), 1
numunenin uzunlugu (m), p numunenin yogunlugu (kg/m?) ve u direng tipi rutubet élger ile
elde edilen rutubet miktari (%).

Sekil 2. Boyuna vibrasyon test diizenegi

2.2.3 Mekanik testler

Gorsel degerlendirme ve tahribatsiz testlerden sonra, 163 adet yapisal tahta, TS EN 408
(2014)'de 6ngorilen 4-noktali egilme test diizeneginde, 40 mm genislikteki tahtalar i¢in 720
mm ve 50 mm genisliktekiler icin ise 900 mm mesnet acikliginda genis ylizeye paralel
(edgewise) kuvvet uygulanarak test edilmistir. Testler, 50 kN yiik kapasiteli {iniversal test
makinesi (BCO-DC300/LDL; BESMAK, Ankara, Tiirkiye) ile yapilmistir. Deformasyonlar
(w), 0.0001 mm hassasiyetli tek bir Lineer Degisken Diferansiyel Transformatér (LVDT) ile
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ortadan Gl¢lilmistiir (Sekil 3). Testler 300 + 120 saniyede tamamlanmustir. Testler sonucunda
elde edilen verilere gore, global elastikiyet modulii (Emg) ve egilme direnci (fm) sirasiyla
Denklem 2 ve 3 ile belirlenmistir.

3al?-4a3
E_ .= — N/mm? 2
m T e @
3Fa
fm =7z N/mm? 3)

Burada; Emg global elastikiyet moduli (MPa), fm egilme direnci (MPa), | mesnetler
arasidaki aciklik 18h (mm), a yiikleme bashigmin en yakin mesnete olan uzakligi 6h (mm),
F2 - F1 maksimum yukin %40'1 ve %10'undaki yiik farki (N), w2 - wi maksimum yikin %40't
ve %10'undaki deformasyonlar arasindaki fark (mm), G makaslama moduli (sonsuz olarak
alinmistir MPa), b 6rnek genisligi (mm) ve h drnek yiiksekligidir (mm).

Sekil 3. TS EN 408 (2014) standardina gore 4 noktali egilme test diizenegi

Mekanik testlerden sonra, her 6rnekten kirilma bdlgesine yakin tam kesit Ol¢iistinde ve 20-
40 mm uzunlugunda rutubet ve yogunluk 6rnekleri kesilmistir. Kesilen pargalar hemen 0,01 g
hassasiyetli tartida tartilmis ve boyutlari1 da 0,01 mm hassasiyetli kompasla 06lcllerek
yogunluklar1 hesaplanmistir. Ayrica, aymi Ornekler (zerinde TS EN 13183-1 (2002)'de
tanimlanan tam kuru agirlik metoduna gore rutubetleri belirlenmistir (Sekil 4).

Sekil 4. Tahribath testlerden sonra kesilen yogunluk ve rutubet drneklerinin kurutulmasi
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2.2.4 Gorsel ve makine mukavemet siniflandirmasi

Gorsel ve makine mukavemet smiflandirmasi karakteristik degerlerini belirlenmeden 6nce
TS EN 384 (2022) standartlarina gore bazi diizeltmeler yapilmalidir. Bunlardan ilki rutubet
tahvilidir. %12 rutubet miktarinda olmayan numunelerin elastikiyet modiilii ve yogunluk
degerleri asagidaki formiiller kullanilarak tahvil edilmistir (Denklem 4 ve 5). Mevcut standart,
egilme direnci igin bir tahvil islemi 6n gormemektedir.

Em, g%12 = MOE (W) X [1+0.01 X (u— Ups)] (4)

Pys1z = P(W) X [1=0.005 X (U = Upes)] (5)
Burada; u, test anindaki rutubet miktar1 (%8 < u < %18) ve uret, referans rutubet miktari
(%12).

Daha sonra tahta genisligi 150 mm'den kii¢iik oldugu igin egilme direnci 6. denklem
kullanilarak kn faktorine boliinmiistiir. Elastikiyet modiili global olarak 6lgiildiigiinden 7.
denklem kullanilarak lokal elastikiyet modiiliine doniisiimii yapilmistir.

150 0.2
o = min{ () ©
1.3
EO = Em’g%lz X 13 - 2690 (7)

Gerekli tahvil islemleri tamamlandiktan sonra, cennet agacindan elde edilen yapisal
tahtalar icin TS EN 14358 (2016) standardi kullanilarak %5°’lik egilme direnci (karakteristik
egilme direnci) fos,, %5°lik yogunluk (karakteristik yogunluk) pos; ve ortalama elastikiyet
modiilii degerleri belirlenmistir.

Makine mukavemet smiflandirmasinda, egilme direnci, elastikiyet modili ve yogunluk
degerleri, smif belirleyen 6zellikler (GDP, grade-determining properties) olarak ve dinamik
elastiklik modulii (MOEqyibwi2) degeri ise gosterge Ozellikleri (IP, indicating properties)
olarak kullanilmistir. Makine mukavemet siniflandirmas: i¢in, tim tahtalar TS EN 338
(2018)'deki bir mukavemet sinifina atanmustir. Belirlenen mukavemet siniflarma ait
karakteristik degerler TS EN 384 (2022)'ye gore hesaplanmistir. Hesaplama yapilirken egilme
direnci ve yogunluk igin %5’lik deger (siralama yontemi) ve elastikiyet modull icin ise
ortalama degerler kullanilmistir. Sirasiyla boyut matrisi, temel agirliklandirma matrisi ve
genel agirliklandirma matrisi TS EN 14081-2 (2022)'ye gore hesaplanmistir. Sonrasinda genel
agirliklandirma matrisinde yanliglikla {ist ve alt mukavemet smifina atanan pargalara karsilik
gelen hicrelerin 0,4'0 asip asmadig1 kontrol edilmistir. Tiim hiicrelerdeki degerlerin 0,4’den
daha diisiik oldugu goriildiikten sonra ilgili mukavemet smiflarina gore makine ayarlari
hesaplanmistir. Gorsel ve makine mukavemet smiflandirmasinda alt orneklem gruplar
kullanilmadigi i¢in bunlara ait katsayilar hesaplamalarda ihmal edilmistir.

2.2.5 Istatistik hesaplamalar

Orneklere ait ortalama, standart sapma ve varyasyon katsay1 degerleri IBM SPSS Statistic
29.0 programu kullanilarak hesaplanmistir. Ayrica makine mukavemet smiflandirmasinda
kullanilmak {izere dinamik elastikiyet modiilii + budak ¢ap1 oran1 — egilme direnci, dinamik
elastikiyet modulu — global elastikiyet modilii ve dinamik elastikiyet moduli — yogunluk
parametreleri arasinda regresyon analizi yapilarak bunlardan elde edilen verilerle makine
ayarlar1 yapilmustir.
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3 Bulgular ve Tartisma

Gorsel smiflara gore 6rnek sayisi, rutubet miktari, %12 rutubete tahvil edilmis yogunluk,
%12 rutubete tahvil edilmis dinamik elastikiyet modull, %12 rutubete tahvil edilmis global
elastikiyet modulii ve egilme direnci ortalama degerleri Cizelge 2’de verilmistir. Ayrica
degerlerin altinda parantez i¢inde varyasyon katsayilar1 gosterilmistir.

Cizelge 2. Test 6rneklerinde gorsel siniflara gore tahribatsiz ve tahribatli test sonuglari

Gorsel Adet Rutubet p12 MOEdyibwi2 ~ Em, go12 fm

Smf Miktar1 (%) (kg/m?) (MPa) (MPa) (MPa)

12,2 678 17941 16758 97,7

Lsis 158 (8.5) @.7) (8.9) ©0) (103

et 5 12,7 677 14577 13138 60,6
(8,8) (2,0) (18,9) (16,8) (40,9)

Toolam 163 12,2 678 17838 16647 96,6
P (8.5) (4,6) 9.9) (100)  (13,1)

Brandner ve Schickhofer (2010) yaptiklar1 ¢alismada kusursuz cennet agaci 6rneklerinde
EN 408 standardina gore 4 noktal egilme testleri yapmis ve ortalama egilme direncini 105,6
MPa, elastikiyet modiiliini 14590 MPa ve yogunluk degerini 656 kg/m® olarak tespit
etmiglerdir. Yine aymi calismada yapisal cennet agaci drnekleri iizerinde 4-noktali egilme
testleri gerceklestirilmis fakat kusurlar net bir sekilde tanimlanmamistir. Bu deneylerde ise
ortalama egilme direncini 51,3 MPa, elastikiyet modiilii 12420 MPa ve yogunluk degerini 646
kg/m® olarak tespit etmislerdir. Ayrica kusursuz cennet agaci orneklerinden elde edilen
degerleri kusursuz disbudak 6rnekleriyle karsilastirdiklarinda bu iki agag tiiriiniin fiziksel ve
mekanik 6zelliklerinin yakin oldugu sonucuna varmiglardir. Szabolcs ve Varga (2021) yaptigi
caligmada ise kusursuz cennet agaci drnekleri iizerinde 3 noktali egilme testleri yapmis ve
sirasiyla ortalama egilme direnci, elastikiyet modili ve yogunluk degerlerini 112 MPa, 11665
MPa ve 702 kg/m?® olarak tespit etmistir.

DXX mukavemet sinifi, genis yaprakli agac tiirlerinde genis ylizeye paralel egilme
mukavemetini tanimlamaktadir. DIN 4074-5 (2008) standardma gore gorsel siniflandirilan
cennet agaci yapisal tahtalarin karakteristik mukavemet degerleri ve TS EN 338 standardina
gore mukavemet siniflar1, Cizelge 3’de verilmistir.

Cizelge 3. Yapisal tahtalarin karakteristik mukavemet degerleri ve siniflar

Karakteristik Egilme Direnci Elastikiyet Modlu Yogunluk Mukavemet
Degerler (MPa) (GPa) (kg/m?) Sinifi
V.K V.K V.K

Direng Smifi  Ort. (%) P/NP  fos; Eo ort %) Ort. %) o5,

LS 13 76,9 10,7 NP 62,3 19,4 10,2 678,0 4,7 621,6 D50
Smif Dis1 46,6 457 NP 10,9 14,4 22,2 676,8 2,2 6399 =
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Cizelge 3 incelendiginde LS 13 (Smuf 1) olarak smiflandirilan yapisal tahtalar egilme
direnci karakteristik degerine gore D60, ortalama elastikiyet modiilii degerine gére D65 ve
karakteristik yogunluk degerine gore ise D50 olarak smiflanmaktadir. Bu ii¢ 6zellikten en
kotiistine gore mukavemet sinifi belirlendigi icin LS 13 gorsel smifinin karsiligi D50 olarak
belirlenmistir. TS EN 1912 (2024) standard incelendiginde D50 mukavemet sinifinda ingiliz
gorsel smiflandirma standardina gére TH1 gorsel sinifindaki Amerikan beyaz mesesi ve bazi
tropik agag tiirleri goriilmektedir. Italyan standardina gore LS1 gérsel smifindaki kaym D45
ve yine Ingiliz TH1 gorsel smifindaki Amerikan kirmizi mesesi D40 olarak goriilmektedir.
Yapisal performans bakimindan bu tiirlerle karsilastirdigimizda cennet agacinin potansiyeli
daha net anlasilmaktadir.

Makine siniflandirmasi i¢in cennet agact yapisal tahtalarina ait makine ayarlar1 vibrasyon
yontemi (IP) ve egilme direnci, global elastikiyet modiili ve yogunluk (GDP) olarak
belirlenmistir. Makine ayarlar1 Cizelge 4’te verilmistir.

Cizelge 4. 1P ve GDP’ler kullanilarak elde edilen makine ayarlari

1P GDP R?2 Denklem FDegeri  Onem
Duzeyi
fim 0.444 0.003*IP+31.2-32.5*BCO 63.890 0.001

MOEyq, vib %12
+BCO Em, g%12 0.644 0.987*IP+1652.1 291.101 0.001
P12 0.000 - 0 0.983

Yapisal tahtalar i¢in ideal mukavemet kombinasyonu D60-D55-D50-Ret (R) olarak
belirlenmistir. Cizelge 4’teki ayarlara gére hesaplanmis egilme direnci, elastikiyet modiilii ve
yogunluk degerlerine gore olusturulan boyut matrisi Cizelge 5°de verilmistir. Cizelge 4’te
goriildiigii iizere, dinamik elastikiyet modiili (MOEdgyvib%12) ile yogunluk (pew12) arasinda
korelasyon bulunmamistir (R* = 0,000). Bu diisiik korelasyon, cennet agacinin hizl biliyiiyen
bir tlr olmasindan kaynaklanabilir. Hizli biiyiiyen tiirlerde, yillik halka genisligi ve odun
dokusundaki varyasyonlar, yogunlugun elastikiyet modiilii ile zayif bir iliski géstermesine
neden olabilir (Ridley-Ellis ve ark., 2016). Ayrica, orneklerin gen¢ odundan meydana
gelmesi, odun yogunlugunun daha diisiik ve degisken olmasia yol agmis olabilir. Szabolcs ve
Varga (2021) yaptiklar1 ¢alismada cennet agacinda yogunluk ile mekanik 6zellikler arasinda
zayif bir iligki rapor etmemistir, bu da bu bulgunun tiire 6zgii olabilecegini diisiindiirmektedir.

Cizelge 5. IP ve GDP’lere gore olusturulan boyut matrisi.

véntem Usyg ufn Atanmig Smif
1nt D60 D55 D50 R
D60 29 1 0 0
. D55 2 81 1 0
Vibrasyon  pgg 2 4 27 9

R 0 0 2 12
Total 33 86 30 14

Uygun ve atanmis mukavemet simiflar1 dikkate alinarak olusturulan temel agirliklandirma
matrisi Cizelge 6’da verilmistir.
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Cizelge 6. IP ve GDP’lere gore olusturulan temel agirliklandirma matrisi.

Uygun Atanmig Siif
Smf D60 D55 D50 R
D60 0 0.31 0.67 2.00
D55  0.30 0 0.35 1.56
D50 0.67 0.33 0 111
R 1.74 139 101 O

Boyut matrisi ve temel agirliklandirma matrisinin ¢arpilip 1ilgili siitundaki toplam miktara
boliinmesiyle elde edilen genel agirliklandirma matrisi Cizelge 7°de verilmistir.

Cizelge 7. IP ve GDP’lere gore olusturulan genel agirliklandirma matrisi.

) Uygun Atanmig Smif
Y
OMeM Sif  De0 D55 D50 R
D60 0.00 0.00 0.00 0.00
Vibrasyon D55 0.02 0.00 0.01 0.00

D50 0.04 0.02 0.00 0.16
R 0.00 0.00 0.07 0.00

Ideal mukavemet sinifi kombinasyonuna (D60-D55-D50-R) ait karakteristik degerler ve
her bir mukavemet smifina ait makine smiflandirmasindan elde edilen IP ayarlar1 Cizelge
8’de verilmistir.

Cizelge 8. ideal mukavemet sinifi kombinasyonuna ait karakteristik degerler ve IP ayarlari

.. . . Elastikiyet .
Karakteristik Degerler Egilme Direnci Modulu Yogunluk IP
(MPa) (GPa) (Kg/m®) Ayari
) Direng V.K PIN _ V.K V.K ~ (MPa)
Yontem Simfi Ort. %) P fosi  Eoort (%) Ort. %) P

D60 791 68 NP 701 195 6.1 7132 15 700.1 15551

D55 787 87 NP 66.7 201 78 68L2 17 6624 14031

D50 716 146 NP 522 183 124 6584 40 6309 12511
R 634 279 NP 299 164 190 6319 85 568.8 -

Vibrasyon

Makine mukavemet siiflandirmasi sonuglarmma gore, ideal smnif kombinasyonu D60-D55-
D50-R olarak belirlenmis ve Cizelge 7 incelendiginde higbir hiicre 0,4’den daha biiyiik
cikmadigi ve Cizelge 8’e¢ gore de her mukavemet sinifi icin hesaplanan karakteristik
degerlerin o mukavemet smifin1 karsilamasi sebebiyle ayarlarin uygunlugu onaylanmustir.
Ayrica, makine mukavemet smiflandirmasi gorsel mukavemet smiflandirmasiyla
karsilastirildiginda, makine mukavemet smiflandirmasinin verimi ¢ok daha yiiksek ¢ikmustir.
Gorsel mukavemet smifinda LS 13 gorsel sinifi karsiliginda sadece D50 mukavemet sinifina
atanmasina ragmen, makine mukavemet smiflandirmasinda ¢ok daha yiiksek mukavemet
simiflarma atamalar gerceklesmistir. Bu nedenlerle makine dayanim siniflandirmasi gorsel

dayanim smiflandirmasma gore daha avantajli olarak degerlendirilmektedir (Ridley-Ellis ve
ark., 2016; Kurul ve As, 2024).
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4  Sonuglar ve Oneriler

Bu ¢alisma sonucunda elde edilen ¢iktilara gore;

LS 13 ve R gorsel siniflar i¢in karakteristik degerler hesaplanmustir. Buna gore LS
13 gorsel siifi D50 dayanim sinifina atanmistir. Sinif dis1 tahtalar ise herhangi bir
dayanim sinifina atanamamigtir. Bu dayanim siniflar1 cennet agacinin yerli tiirlere
giiclii bir alternatif olusturacagi sonucunu ortaya koymaktadir.

Makine mukavemet smiflandirmasinda, cennet agact igin D60-D55-D50-R
makine ayarlar1 yapilmigtir. Buna gore, orneklerin %20’si D60, %531 DS5S5,
%181 D50 ve %9’u R mukavemet smniflarina atanmistir. Bu oran gorsel
mukavemet siniflandirmasinda %97’si D50 ve %3’ R seklinde gerceklesmistir.
Buna gore makine mukavemet siniflandrmasinda gorsel mukavemet
smiflandirmasina kiyasla daha yiiksek verimlilik elde edilmistir. Ozellikle, makine
mukavemet  smiflandirmasmin  kullanilmasi, mukavemeti daha yiksek
muhendislik Grini ahsap malzemelerin (6rnegin, Glulam ve CLT) uretilmesini
saglayacaktir.

Hizli biyliyen tiirlerde gorsel mukavemet simiflandirmasinda Kkarakteristik
yogunluk degeri bu calismada oldugu gibi gérece diisiik olacagi icin elde edilecek
mukavemet sinifinin daha diisik olmasina neden olacaktir. Bu nedenle hizli
biliyliyen tiirlerde makine mukavemet siniflandirmasinin tercih edilmesi daha
avantajli bulunmaktadir.

Makine mukavemet smiflandirmasi, kullanilan en kesit 6lgiilerinin £%10’unu
kapsamaktadir. Bu ¢alisma sonucunda 18-22 mm, 27-33 mm kalinlik ve 36-44
mm, 45-55 mm genislik araligindaki cennet agaci yapisal tahtalar1 yukarida
verilen IP ayarlar1 kullanilarak makine siniflandirmasi yapilabilmektedir. Bu
Olciiler disindaki bir 0Olglide tekrardan makine ayarlarmmin  yapilmasi
gerekmektedir.

Bundan sonra yapilacak galismalarda, diger hizli biiyiiyen tiirler i¢in benzer
prosedurler uygulanarak gorsel ve makine mukavemet siniflarinin belirlenerek
plantasyon ¢aligmalar1 yapilmasi, Ormanlarimiz iizerindeki baskilar1 sUreg
icerisinde azaltma potansiyeline sahiptir. Ayni1 zamanda i¢ piyasa igin de yiiksek
kalitede yerli hammadde tiretimi saglanarak katma degeri yiiksek yapisal ahsap
malzemelerin iiretilmesinin Oniiniin ac¢ilacag diisiiniilmektedir.
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Urban furniture design and ergonomic assessment in neighborhood parks:
the case of Fabrika District, Diyarbakir, TUrkiye

Kubra Aktas Akin'(, Muge Unal?*

ABSTRACT: Neighborhood parks are essential public spaces encouraging socialization,
physical activity, and relaxation. Their effective use is closely tied to the ergonomic design of
urban furniture. This study evaluates the ergonomic suitability of urban furniture in four parks
in the Fabrika Neighborhood, Yenisehir District, Diyarbakir by using a qualitative assessment
method. The research was conducted in four stages: (1) A literature review identified 13 sub-
criteria under six main categories: material, ergonomics, inclusive design, color, safety, and
vandalism. (2) Fieldwork conducted between November and December 2024 assessed 18
types of urban furniture using a 0-5 rating scale. (3) Parks were classified based on their
ergonomic performance. (4) Recommendations were developed to enhance usability. The
findings revealed that NP1 (42.1%), NP2 (42.0%), and NP3 (41.6%) were "moderately
suitable™ while NP4 (26.4%) was "less suitable.” Deficiencies were particularly noted in
ergonomics, safety, and inclusive design. Unlike previous studies, this research integrates
ergonomic criteria for a comprehensive evaluation. Future studies should prioritize
sustainable, technology-based solutions to enhance urban furniture design.

Keywords: Urban furniture, Ergonomics, Urban life quality, Neighbourhood parks

Mahalle parklarinda kent mobilyas1 tasarimi ve ergonomik degerlendirme:
Fabrika Mahallesi 6rnegi, Diyarbakir-TUrkiye

OZ: Mahalle parklari, sosyallesme, fiziksel aktivite ve dinlenme imkani sunan 6nemli
kamusal alanlardir. Bu alanlarin etkin kullanimi, biiyiik 6l¢iide kent mobilyalarmin ergonomik
tasarimima baglidir. Bu ¢alisma, Diyarbakir ili Yenisehir ilgesi Fabrika Mahallesi’ndeki dort
parkta (NP1, NP2, NP3 ve NP4) yer alan kent mobilyalarinin ergonomik uygunlugunu nitel
bir degerlendirme yontemiyle incelemektedir. Arastirma dort asamada yiriitiilmistiir: (1)
Literatlir taramasi sonucunda malzeme, ergonomi, kapsayici tasarim, renk, giivenlik ve
vandalizm olmak {izere alt1 ana baglik altinda 13 alt kriter belirlenmistir. (2) Kasim—Aralik
2024 tarihleri arasinda sahada 18 farkli kent mobilyas: tiirii 0—-5 puanlama Olcegiyle
degerlendirilmistir. (3) Parklar ergonomik uygunluk diizeylerine gore smiflandirilmistir. (4)
Kullanilabilirligi artrmaya yonelik oneriler gelistirilmistir. Bulgulara gére NP1 (%42,1), NP2
(%42,0) ve NP3 (%41,6) "orta diizeyde uygun," NP4 (%26,4) ise "diisiik diizeyde uygun"
bulunmustur. Ozellikle ergonomi, giivenlik ve kapsayici tasarim konularinda eksiklikler tespit
edilmistir. Calisma, ergonomik kriterleri igeren kapsamli bir degerlendirme sunarak onceki
arastrmalardan ayrilmaktadir. Gelecekteki calismalarda, kent mobilyas1 tasarimini
gelistirmek i¢in siirdiiriilebilir, teknoloji tabanli ¢6ziimlere 6ncelik verilmelidir.

Anahtar kelimeler: Kent mobilyalari, Ergonomi, Kentsel yasam kalitesi, Mahalle parklari
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1 Introduction

Cities require careful planning, particularly for public spaces, as these areas meet social,
cultural, and physical needs. Neighborhood parks (NPs) with rapid urbanization have become
vital to sustainable urban development, providing essential recreational spaces for residents
(Gehl, 2011). These parks foster social interaction across diverse age and socio-economic
groups while supporting physical and mental well-being (Brown and Gillespie, 1995). The
ergonomic and design features of urban furniture in NPs play a significant role in ensuring the
effective and sustainable use of these spaces. Furniture is expected to be user-friendly,
accessible, durable, and adaptable to environmental conditions. Properly designed elements
that follow ergonomic principles enhance user comfort and contribute to long-term urban
resilience (Tilley, 2002). Moreover, the rise in vandalism incidents alongside urbanization
necessitates a careful evaluation of materials and durability in urban furniture design (Olgun,
2013). Literature indicates that urban furniture is assessed based on functionality, aesthetics,
ergonomics, materials, color, and resistance to vandalism (Sahin et al., 2019; Olgun, 2013;
Arat, 2020; Yeler et al., 2022). Key factors influencing park usability include comfortable
seating, safe playgrounds, and accessible sports equipment (Arat, 2020). However, effective
use depends on the presence of such equipment and its placement, maintenance, and user-
friendliness (UN-Habitat, 2016). Therefore, both qualitative and quantitative evaluations of
park furnishings are essential for promoting public health and social cohesion.

Studies on materials emphasize the importance of durability, sustainability, and user
preferences. Innovative materials, such as lightweight concrete, provide resilience and
modular flexibility (Thamrin et al., 2018; Kara et al., 2024) while sustainability efforts
promote the use of recyclable and non-toxic local materials (Satiroglu et al., 2023).
Nonetheless, traditional materials like concrete and polypropylene still raise concerns over
carbon emissions (Sipahi and Sipahi, 2024), and wood and plastic-based components are
particularly vulnerable to vandalism. (Olgun, 2013; Sahin et al., 2019). Ergonomic design
enhances user comfort, health, and park usability while color planning improves perception
and navigation (Gamito and Silva, 2016) and human-centered designs increase comfort
(Kllekei, 2018). Ergonomic assessment tools link furniture design to health outcomes
(Appolloni et al., 2020) while accessibility remains crucial for all users (Arat, 2020). Color
choice also significantly affects park furniture’s visibility, identity, and satisfaction; uniform
color schemes improve legibility (Mazaherian et al., 2020) while excessive variation causes
visual clutter (Gamito and Silva, 2020). Harmonizing furniture colors with the natural
environment enhances the user experience (Saeedi and Dabbagh, 2020). Additionally, Gamito
and Sousa (2019) stressed the importance of grounding color planning in scientific principles
by suggesting that regional color schemes should be developed through community and
expert feedback. Inclusive design principles emphasize that urban furniture must serve users
of all ages and physical abilities, and urban pathways must ensure accessibility for individuals
with disabilities (Ozdemir Isik et al, 2016). A study on Altindere Valley National Park
highlighted how incompatible furniture negatively impacts user experiences in natural spaces,
advocating for design modifications to improve environmental integration (Aksu, 2015).
Finally, vandalism and safety are critical factors; physical deterioration discourages park
usage (Bhaskaran et al., 2024; Douglas et al., 2018; Echeverria et al., 2014; Marquet et al.,
2019) while traditional neighborhood designs and Crime Prevention Through Environmental
Design (CPTED) principles improve security, but note the absence of systematic guidelines
(Sohn et al., 2015). McCabe and Strauss (2022) reveal that vandalism in parks increases
bullying, particularly among adolescents with asthma. Marquet et al. (2019) and Echeverria et
al. (2014) find that higher crime rates near parks discourage children and young people from
using these spaces and reduce physical activity. Well-maintained parks foster community
bonds and improve safety perceptions (Suminski et al., 2015; Zhai et al., 2020).
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This study aims to evaluate the ergonomic and design characteristics of urban furniture in
four NPs in the Fabrika neighborhood of the Yenigsehir district, Diyarbakir, Tiirkiye. The
study identifies existing issues by examining the suitability of urban furniture in terms of
materials, ergonomics, inclusive design, color, safety, and resistance to vandalism. Analyses
have been conducted to propose recommendations for enhancing the functionality and
inclusivity of NPs based on literature reviews and field observations. Unlike earlier studies
that often focus on isolated aspects such as materials, ergonomics, color, safety, or vandalism,
this research comprehensively assesses all key components of urban furniture. It introduces a
systematic and adaptable methodology for evaluating ergonomic and design features across
different green spaces. Furthermore, beyond theoretical analysis, the study provides empirical
and practical recommendations for municipalities and urban planners. The study advances the
existing literature, delivering a more holistic assessment of urban furniture to support the
creation of more functional, inclusive, and sustainable NPs by integrating these aspects.

2 Materials and Methods
2.1 Study Area

This study examines the Fabrika Neighborhood in the Yenisehir district of Diyarbakir, a
region characterized by high population density and strategic importance for urban
development. Diyarbakir, located in southeastern Turkiye, has a population of 1,810,366,
making it one of the country’s fastest-growing cities (TUIK, 2023) (Figure 1).

Selected neighborhood parks and their
characteristics
1. Yenisehir Municipality Park (NP-1)

Diyarbakir Provincial Location Green Spaces in Fabrika Neighborhood

This park was
established in 2016
alongside the
municipal building. L

The designated park |
area covers 31,403
m2,

2. Children

Built in 2023, this
park was initially
planned to cover
12,026 m? in the
zoning plan, but the
actual designed area
is approximately
5,520 m2.

Yenisehir District, Fabrika Neighborhood 3. Aziz Sancar Park (NP-3)
Established in 2018, o
the zoning plan
allocated 23,600 m?
for this park;
however, the current
designed area is
approximately
15,453 m2,

4. Ebu Ali el Cezeri Park (NP-4)

] y . " z Completed in 2018,
! [ Planned Parks and Green Spaces Over 8,000 m? this park has a total
! Neighborhood parks larger than 8,000 m2, area of
] including at least 250 m? of playground. 11,114 .

Existing parks and green spaces smaller than
8,000 m? that are currently accessible for public
use.

Figure 1. The study area of Diyarbakir, Turkey

The Yenisehir district, home to approximately 215,000 residents, is key in distributing
green spaces and public furniture (TUIK, 2023). Data from the Diyarbakir Yenisehir
Municipality indicates that Fabrika Neighborhood contains 39 green spaces, covering
326,797.3 m?, equating to 3,267.97 m? of green space per capita. These figures provide a basis
for assessing the adequacy of green space distribution in line with urban planning standards.
According to Yildizcr (1982), NPs should have a minimum area of 8,000 m? while Uzun
(21990) recommends that a playground within such a park should be at least 250 m2. Among
the 39 green spaces in Fabrika Neighborhood, 19 meet the minimum area requirement of
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8,000 m?; however, only four meet both criteria. Therefore, this study focuses on the
observation and analysis of these four parks: Yenisehir Municipality Park (NP-1), Children’s
Life Park (NP-2), Aziz Sancar Park (NP-3), and Ebu Ali el-Cezeri Park (NP-4) (Figure 1).

2.2 Methods
The research methodology consists of four main stages:

e Identifying the main and sub-criteria for evaluation through a literature review and
expert opinions.
e Rating the characteristics of the evaluation criteria.

e Conduct field studies to assess the equipment in NPs and determine their suitability
classifications.

e Developing recommendations based on the findings.
2.2.1 Determination of evaluation criteria

The criteria for evaluating the equipment in NPs reflect the park’s fundamental structure.
The condition of this structure, both in its entirety and components, reveals the park’s
qualitative and quantitative characteristics. In this context, the criteria for assessing the
qualitative and quantitative attributes of NPs and their furniture were derived from national
and international scientific studies (Table 1).

Table 1. Criteria used in the literature for evaluating urban furniture in NPs
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This study evaluated six main criteria and eleven sub-criteria determined through field
research and expert consultations as outlined in Table 1. Since inclusive design and color did
not fall under any specific category, they were added separately increasing the total number of
evaluation criteria to thirteen. Given the variation in park furniture design, ergonomics,
material selection, color harmony, inclusive design, vandalism resistance, and safety, a
comprehensive approach was adopted to identify essential elements. Six distinct amenity
groups were defined to ensure that NPs meet user expectations and function as sustainable
public spaces. These groups encompass various types of urban furniture and recreational
elements crucial for accessibility, comfort, and durability. A detailed ergonomic and
functional assessment was conducted on nineteen different pieces of equipment within these
groups (Table 2) providing insights into their suitability, deficiencies, and potential
improvements for more user-friendly and inclusive public spaces.
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Table 2. Evaluation criteria (left side) and furniture (right side)

MAIN Benches
CRITERIA SUB-CRITERIA Gazebos/Pergolas

Material type Urban Furniture Trash bins
Materials Material properties :—'?ht'”g? —

Surface materials Flt?rzg?:son 04ICs
Ergongmlc : Compliance with standards Water Features Ornamental pools
Inclusive design Walls
Color : Boundary Fences

Maintenance Vegetative boundaries
Safety Infrastructural stability Playgrounds and | Playgrounds

Safe design Sports areas Sports fields

Breaking and Shattering Pedestrian paths

Cutting, Scratching, and Carving Pathways Bicycle lanes
Vandalism Burn Vehicle roads/Parking areas

Graffiti and Paint Restrooms

Others Security booth
Sculptures/Art Installations

2.2.2 Rating of evaluation criteria

To evaluate the conditions of the 13 criteria listed in Table 2, each criteria was scored
between 0 and 5 to identify the strengths and weaknesses of NPs furniture. Suitable
characteristics were determined using sources from Table 1, expert opinions, and Turkish
Standards Institution (TSE) guidelines which ensure national standards for product quality
and safety (Appendix 1). The criteria were categorized into two groups: scalable and non-
scalable. Scalable criteria covering multiple features were rated from 0 to 5. In contrast, non-
scalable criteria were evaluated as "present/absent” or "suitable/unsuitable,” receiving a score
of 0 (absent/unsuitable), 3 (partially suitable), or 5 (present/suitable) depending on the degree
of compliance. This method provides an objective and adaptable evaluation framework
tailored to local conditions.

2.2.3 Determination of suitability classes

A quantitative and qualitative scoring method was employed to assess parks based on
equipment quality, design, color harmony, accessibility, safety, and resistance to vandalism.
The suitability percentage for each park was determined by dividing its total score by the
maximum possible score. Parks were then categorized into five groups based on this
percentage: least suitable (0-20%), less suitable (21-40%), moderately suitable (41-60%),
suitable (61-80%), and most suitable (81-100%). This structured evaluation enabled the
identification of deficiencies, assessment of overall functionality and safety, and guided
improvements for more effective and user-friendly urban green spaces.

3  Results
3.1 Identifying Furniture and Features in Neighborhood Parks

This study assessed the condition of furniture and facilities in NPs located in the Fabrika
Neighborhood, Yenisehir District, Diyarbakir. Fieldwork conducted between November and
December 2024 evaluated the existing elements and identified deficiencies, detailed in Table
3, regarding materials and colors. The findings revealed several shortcomings: NP3 and NP4
lacked gazebos/pergolas; NP1, NP3, and NP4 were missing informational signs and panels;
NP2, NP3, and NP4 had no fountains; NP1, NP2, and NP4 lacked pools. NP4 had no walls,
NP1 and NP4 lacked fences, and none of the parks had vegetative boundaries. Sports facilities
and bicycle paths were absent in NP2 and NP3, and none of the parks included vehicle roads
or parking areas, which limited accessibility. Additionally, there was no toilet in NP1, no
security booth in NP4, and no artistic sculptures in NP3 and NP4.
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These deficiencies negatively affect comfort, safety, and usability of the parks and these
diminish visitor satisfaction. Variations in materials and color choices also affect the visual
appeal and functionality of the park. The absence of essential features such as signage, water
elements, and recreational infrastructure underscores the need for standardized, inclusive, and
comprehensive planning to improve accessibility and user experience in NPs.

Table 3. Material and color properties of furniture

Installations

NPs
FURNITURES Furniture NP1 NP2 NP3 NP4
e Metal+Wood Concrete + Wood e, LA, Concrete + Wood
Concrete
URBAN Gazebos/Pergolas Wood Wood
FURNITURE Trash bins Metal Metal+Wood Metal Metal
Lighting Metal+Glass Metal+Glass Metal+Glass Metal+Glass
Information Boards Metal+Glass
WATER Fountains Concrete
FEATURES Ornamental pools Concrete+Mosaic
Walls Concrete Concrete Concrete
BOUNDARY Fences _ Steel Steel
Vegetative
boundaries
PLAYGROUNDS Playgrounds Wood, Rubber Wood, Rubber, . .
AND SPORTS " Plastic Plastic Hesine PEsTE
AREAS Sports fields Metal+Plastic Metal+Plastic
Pedestrian paths Concrete Bloks Concrete Bloks Concrete Bloks
Concrete Bloks
Rubber Rubber
PATHWAY'S Bicycle lanes Rubber Rubber
Vehicle
roads/Parking
areas
Restrooms Concrete Concrete Prefabricated
OTHER Security booth Concrete Concrete Concrete
FURNITURE Sculptures/Art
Metal Metal

\ COLOR CHARACTERISTIC

Benches Brown+
Black+Brown Gray+Brown Black/Gray Gray+Brown
Gazebos/Pergolas Brown Brown
Trash bins Black+Brown Gray+Brown Gray+Brown Gray+Brown
IRz Lighting Black/Yellow/Blue
FURNITURE Black Pole+ /Green Pole+ White Black Pole+ Black Pole+
White LED LED White LED White LED
Information Boards White pano + Gray
Pole
WATER Fountains Dark Gray
FEATURES Ornamental pools Gray + Blue
Walls Gray Gray Gray
BOUNDARY Fences ' Dark green Dark green
Vegetative
boundaries
PLAYGROUNDs | Plavgrounds Brown, Red, Blue, | Brown, Red, Blue, | poy pje vellow | Red, Blue, Yellow
Yellow Yellow
AND SPORTS :
AREAS Sports fields Gray+ Gray+
Yellow+Burgundy Yellow+Burgundy
PATHWAY'S Pgdestrlan paths Gray+ Burgundy Gray Gray Gray+ Burgundy
Bicycle lanes Burgundy Burgundy
Restrooms Gray Green Gray
Security booth Green Gray Green
(IZJJRHI\IIE ﬁ'URE Sculpturgs/Art Black+ Black+
Installations Blue+Yellow+ Blue+Yellow+
Orange Orange

There is no equipment to be evaluated in the NPs.
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3.2 Rating the NPs’ furniture

Secondly, scores ranging from 0 to 5 were assigned to each criteria to assess the different
conditions of the 13 listed criteria in the field. This evaluation, conducted through on-site
observations, aimed to determine the positive and negative aspects of the urban furniture in
NPs. Initially, the features suitable for urban furniture in NPs were considered based on the
characteristics and rating guidelines outlined in Appendix 1. Accordingly, the scores assigned
to each urban furniture is presented in Table 4. The key findings identified are as follows:

e Material: NP1 and NP2 received the highest scores while NP4 had the lowest
regarding material quality and diversity. In NP3, the ornamental pool’s glass
mosaic coating and the prefabricated toilet in NP4 were deemed partially durable.
Rubber-coated pedestrian and bicycle paths and sports areas were ergonomically
favorable, whereas NP4’s concrete blocks were considered insufficient.

e Ergonomics: NP1 received the highest score, whereas NP2, NP3, and NP4
exhibited several shortcomings. These included backs lacking back support,
inadequate waste disposal angles in trash bins, the absence of solar-powered
lighting, highly reflective information boards in NP3, and poor placement of the
fountain in NP1 which obstructed the walking path.

e Inclusive Design: NP1 was the most compliant with inclusive design principles
while NP4 was the least. Key deficiencies included the absence of wheelchair
waiting areas, a lack of tactile surfaces for the visually impaired, and inaccessibility
of toilets and security booths.

e Color: Urban furniture colors were generally appropriate, but inconsistencies were
observed. The white LED lighting in NP3 was suitable, but multicolored lighting
poles were only partially suitable. The dark gray fountain in NP1 had a negative
impact on the user's perception and comfort.

e Safety: Urban furnitures in NP1 and NP2 were moderately well-maintained, NP3
was in good condition while NP4 was neglected. Though the electrical safety
infrastructure was adequate, the lack of drainage in NP3 and NP4 was a concern.
Some furniture in NP4 was also inadequately secured.

e Vandalism: Damages (breakage, graffiti, and unauthorized painting) were
observed across parks. NP2 and NP3 showed fewer signs of vandalism because
they were newer or recently renovated. In contrast, vandalism was more prevalent
in NP1 and NP4.

NP1 and NP2 were the most suitable parks for urban furniture while NP4 was the least
suitable. While material suitability was mostly met, deficiencies in ergonomics, Inclusive
Design, and safety were noted. Municipalities are advised to renew urban furniture, adopt
inclusive design standards, and implement anti-vandalism measures.

3.3 Determination of suitability classes

Finally, the maximum achievable total score for each NPs across all criteria was
calculated. The highest possible score was 1270 points, 40 points for ground materials, 95
points for compliance standards, user diversity, and material suitability, and 105 points for
other criteria. Based on these calculations, the ergonomic suitability percentages of park
furniture and its total scores were assessed to classify their suitability as presented in Table 5.
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Table 4. Rating of furniture
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Table 5. Determination of suitability classes based on furniture in NPs

Yenisehir

Lo Child’s Life Aziz Sancar Ebu Ali el
NPs Mur;:g;;lj(allty Park Park Cezeri Park
(NP1) (NP2) (NP3) (NP4)
Main A 0 0 S 0 0 S 0 0 S
Criteria Sub-criteria = = = = %
Material type 60 57.1 53 50.5 53 50.5 38 36.2
Materials Material properties 51 48.6 45 429 42 40.0 34 32.4
Surface materials 18 45.0 9 22.5 9 22.5 18 45.0

Ergonomic Compliance with standards 47 49.5 30 31.6 28 29.5 31 32.6

Inclusive desig

14 26.3 16 16.8 16 16.8 13 38.1

=]

Color 57 55.8 51 53.7 50 52.6 40 42.1
Maintenance 36 34.3 45 429 49 46.7 0 0.0

Safety Infrastructural stability 60 57.1 55 52.4 36 34.3 24 22.9
Safe design 55 52.4 50 47.6 50 47.6 37 35.2
Breaking and Shattering 20 19.0 30 28.6 40 38.1 10 9.5
Cutting, Scratching, and

Vandalism Carving 25 23.8 45 429 45 429 20 19.0
Burn 50 4.6 55 52.4 55 52.4 35 33.3
Graffiti and Paint 35 33.3 50 47.6 55 52.4 35 33.3

Suitability score and percentage | 535 | 42.1 534 42.0 528 41.6 335 | 26.4

Material: NP1 received the highest score (57.1%) while NP4 had the lowest
(36.2%). Regarding material properties, NP1 was the most suitable park, whereas
NP4 had the lowest rating with a 32.4% suitability score. For surface materials,
NP1 and NP4 scored the highest at 45.0% while NP2 and NP3 had a lower
suitability percentage of 22.5%.

Ergonomics: NP1 had the highest compliance rate with standards at 49.5% while
NP3 and NP4 received lower scores at 29.5% and 32.6%, respectively. In terms of
user diversity, NP1 scored highest at 26.3%, whereas NP4 recorded the lowest
score at 38.1%.

User Diversity: NP1 had the highest suitability rate at 26.3% while NP4 had the
lowest at 38.1%. NP2 and NP3 both scored 16.8%. These findings suggest NPs do
not fully adhere to inclusive design principles and demonstrate shortcomings in
supporting user diversity.

Color: NP1 had the highest suitability level (55.8%) while NP4 had the lowest
(42.1%). This suggests that color coordination varied across the parks.

Safety: Regarding maintenance, NP3 had the highest compliance level (46.7%),
whereas NP4 scored the lowest (0%). For secure anchoring and infrastructure, NP1
scored the highest (57.1%) while NP4 had the lowest (22.9%). In terms of
appropriate design, NP1 (52.4%) and NP2 (47.6%) scored the highest while NP4
scored the lowest (35.2%).

Vandalism: NP3 was the most affected park by breakage and destruction (38.1%)
while NP4 had the lowest impact (9.5%). NP2 and NP3 (42.9%) were the most
affected by cutting, scratching, and graffiti, whereas NP4 had the lowest score
(19.0%). Fire-related vandalism was more common in NP2 and NP3 (52.4%) and
less in NP4 (33.3%). Paint-related vandalism was most frequent in NP3 (52.4%)
while NP1 and NP4 had lower rates (33.3%).
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Considering the overall suitability scores and percentages, NP1 (42.1%), NP2 (42.0%), and
NP3 (41.6%) were classified as moderately suitable. NP4 was categorized as less suitable
with a suitability rate of 26.4%. Based on these evaluations, NP1 and NP2 were identified as
the most appropriate parks in terms of furniture while NP4 required improvements and
furniture enhancements. Addressing ergonomics, safety, and user diversity deficiencies is
crucial for making NPs more functional and user-friendly.

4 Discussion and Conclusion

This study evaluated the NPs in the Fabrika Neighborhood of Yenisehir District,
Diyarbakir, TUrkiye, in terms of urban furniture criteria: material quality, ergonomics, user
diversity, color coordination, safety, and resistance to vandalism. The findings revealed a
generally moderate level of suitability across the parks, but also identified several critical
deficiencies requiring attention.

e Material: Durability, sustainability, and safety are essential for effective park design
(Sipahi and Sipahi, 2024; Grabiec et al., 2022). Concrete, though common, poses
environmental concerns due to its non-recyclable nature, highlighting a shift toward
more eco-friendly alternatives. Preferred materials such as wood, recyclable metals, and
composites offer improved longevity and ecological performance (Aksu, 2015). For
water features, epoxy-based waterproof coatings and specialized ceramics are
recommended over fragile glass mosaics. Playgrounds should prioritize sustainable and
safe materials for children (Bhaskaran et al., 2024) replacing plastic elements with
wood or recyclable composites. Similarly, toilets should integrate natural materials such
as wood, stone-textured panels, and green roofs for aesthetic harmony. Balancing cost,
user safety, and sustainability ensures eco-friendly, functional, and visually cohesive
park environments.

e Ergonomic: Ensuring that park furniture aligns with ergonomic principles enhances
user-friendliness and accessibility (Appolloni et al., 2020; Gamito and Sousa, 2019).
Benches should include backrests and armrests to improve comfort while their strategic
arrangement and designated waiting areas for individuals with disabilities enhance
accessibility. Trash bins should feature a 45-60° inclined opening for easier use and be
positioned in high-traffic areas. Information boards must be made from non-reflective
materials to improve readability under sunlight while including park maps, emergency
contacts, and directional signs will enhance the user experience. Drinking fountains
should be easily accessible and unobstructive to pedestrian pathways. Additionally, they
should meet height standards suitable for individuals with disabilities and children.
These improvements will encourage park usage, promote inclusivity, and enhance
overall functionality, ensuring that parks cater to the diverse needs of all visitors.

e Accessibility and user diversity: Ensuring accessibility for individuals of all ages and
abilities is fundamental to inclusive park design (Kesik et al., 2014; Lee, 2021).
Assessments of NPs have identified several shortcomings in providing equal access for
individuals with disabilities. Therefore, key modifications must be implemented to
enhance accessibility. Benches and gazebos should be systematically arranged to ensure
equitable park use, and designated waiting areas for wheelchair users should be
established. Additionally, integrating tactile paving on pedestrian pathways will enable
visually impaired individuals to navigate the park more comfortably. Restroom facilities
often fail to meet accessibility standards as their dimensions are inadequate. Restrooms
should be expanded to a minimum size of 2.25 x 2.25 meters to comply with
accessibility regulations. These improvements will promote inclusivity and ensure that
all users can enjoy public parks safely and comfortably.

52



Akin and Unal, Furniture and Wooden Material Research Journal, 8 (1), 43-58

e Safety and Vandalism: Maintenance conditions revealed that NP1 and NP2 were
partially maintained while NP3 and NP4 exhibited maintenance deficiencies.
Addressing these issues is crucial for ensuring the longevity of parks and enhancing
user comfort (Douglas et al., 2018). Vandalism remains one of the most significant
challenges faced by NPs. Studies indicate that the most common forms of vandalism in
park areas are destruction and graffiti (Marquet et al., 2019). These issues negatively
impact the aesthetic value and usability of parks. Awareness campaigns should be
organized to mitigate vandalism, and damaged furniture should be promptly repaired
(Echeverria et al., 2014). Additionally, park lighting should be optimized to improve
nighttime security, and durable, vandal-resistant materials must be used. Maintenance
deficiencies in NP3 and NP4 should be resolved through regular upkeep efforts.

e Emergency Response Capabilities: The lack of vehicle access roads in national parks
significantly impedes emergency response efforts. Situations requiring urgent medical
or security interventions are at substantial risk due to the absence of designated access
routes at park entrances (Sohn et al., 2015). Therefore, park designs must incorporate
pathways that enable emergency vehicles to enter efficiently.

e Designing parks with a sustainable and user-friendly approach is essential for enhancing
urban quality of life. Municipalities should address the identified deficiencies by
upgrading urban furniture, ensuring equitable distribution, and applying universal
design principles. These improvements will foster the development of more functional,
accessible, and welcoming NPs. Moreover, this study underlines the importance of
integrating quantitative and qualitative data in future research. While this study
primarily focused on quantitative analysis, incorporating qualitative insights will
provide more comprehensive guidance for urban planners and policymakers. This
integration will support the development of resilient, user-friendly, and sustainable
green spaces that meet the evolving needs of urban populations.
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Appendix 1. The characteristics of the evolution criteria and rating scores

THE CHARACTERISTICS OF EVALUATION CRITERIA

MATERIAL TYPE: The material type was examined on-site and evaluated based on its suitability for the
intended use, with scoring assigned according to the presence of appropriate materials.

Benches and Gazebos: While wood and natural stone are preferred as primary materials, combinations of
concrete and metal can also be incorporated into the design.

Trash Bins: Metal, wood, fiberglass, and cast concrete

Lighting: Stainless steel, aluminum, wood, and cast iron

Signage: UV-resistant metal, wood, and plexiglass are preferred materials.

Fountains: Stainless steel, cast stone, natural stone, and concrete

Pools: Natural stone, marble, stainless steel, fiberglass, and concrete. Stone or metal mosaic can be added.
Walls and Fences: Recommended materials include natural stone, concrete, brick, metal (such as wrought
iron), and wood. Innovative materials like polymer-coated metal or bamboo can also be used for fencing.
Playgrounds and Equipment: Wood, plastic, metal, rubber coatings, and soft flooring materials such as
rubber tiles or artificial turf

Sports Areas: Suitable flooring materials include Rubber, acrylic coatings, and concrete. Durable stainless
steel and PVC coatings are recommended for sports equipment.

Pedestrian and Bicycle Paths: Concrete, asphalt, interlocking paving stones, and eco-friendly permeable
coatings are suitable. Bicycle paths should have non-slip surfaces to ensure safety.

Vehicle Roads: Asphalt, concrete, or interlocking paving stones

Restrooms: Stainless steel, fiberglass, and concrete are recommended materials, with ceramic coatings for
interior surfaces

SCORE

Not suitable: 0
Partially suitable: 3
Suitable: 5

Al e Sculptures: Marble, stone, bronze, stainless steel, wood, and, for modern designs, fiberglass and polymer
< materials with UV-resistant coatings for outdoor durability.
5 MATERIAL PROPERTIES: Material properties are crucial in ensuring a design’s functionality, safety, and
= | aesthetics. The selection of appropriate materials was based on the following key criteria:
<. Durability and Longevity: The material should resist wear, breakage, and environmental conditions (e.g., .
S - . Not suitable: 0
rain, snow, and sunlight). p 1
e Ease of Cleaning: Maintenance and cleaning should be straightforward, particularly in public spaces where ; f::ﬁ::sprf:sgr&t- 5
hygiene is essential. 3 features gresent: 3
e Temperature and Climate Resistance: The material must withstand sudden temperature changes and 4 features present: 4
diverse climatic conditions (e.g., preventing wood decay or metal corrosion). 5 .
. o . - ; . . or more features
o Natural and Aesthetic Compatibility: The material should harmonize with the surrounding environment present: 5
and provide a natural appearance (e.g., wood and stone). '
o Eco-Friendly and Recyclable: Environmentally sustainable and recyclable materials should be prioritized
to minimize environmental impact.
SURFACE MATERIALS: The assessment of this criteria was based on the suitability of the following
material properties:
1.Pedestrian-Friendly Surfaces: The surface should not hinder pedestrian movement, avoiding excessive Not suitable: 0
roughqess, depressionsl or bumps. ] ) ) o 1 feature présent' 1
2.Ap5;?:5;1|§rt](te' Joint Spacing and Width: Ensuring pedestrian safety and comfort through proper joint 2 features present: 2
3.Surface Reflectivity: Consider the albedo value to enhance energy efficiency and user comfort. 3 features present: 8
; L o . . - 4 features present: 4
4.Non-Slip Properties in Wet Conditions: Surfaces should not become slippery during rainfall. 5 or more features
5.Sufficient Road Infrastructure: Durable sublayers, such as compacted soil, stabilized fill, or blocking .
layers, should support surface materials. present: 5
This evaluation was applied to the ground materials used in playgrounds, sports fields, recreational areas,
and pathways, ensuring functionality, safety, and durability.
INCLUSIVE DESIGN: Inclusive Design was assessed based on the following criteria:
o Sensory Accessibility: Structural and vegetative designs should integrate color, texture, scent, and sound
stimuli to enhance perception, especially for individuals with disabilities.
o Placement of Elements: Lighting, signs, hanging plants, and trees should be positioned within a 75-120
% cm strip, while tree branches should begin at least 220 cm to prevent obstructions.
) e Seating Areas: Benches should be placed at 100-200 m intervals for accessibility. The seating height
‘-éJ should be 45 cm, with a 70 cm backrest, and wheelchair spaces should be allocated next to seating areas. Not suitable: 0
w o Trash Bins: Positioned at least 40 cm from the curb, installed at a 90-120 cm height, and made of non- P;rtisalill asu?tlable' 3
> hazardous materials to prevent injuries. Suitablg' 5 :
% o Rest Area Tables: Table height should be 75-90 cm, with a 60 cm minimum clearance underneath for '
® wheelchair access.
=z o Fountains: Installed at a height of 85 cm for wheelchair accessibility.
o Tree Planting & Vegetation: Trees should be planted within a 75-120 c¢m strip. Vegetation near ramps and
staircases should not shed fruit or create slippery surfaces.
o Pedestrian Walkways should have a minimum width of 1.5 meters.
o Restrooms (WC): Must be at least 2.25 x 2.25 meters for accessibility.
» | VANDALISM: Vandalism, defined as the intentional damage to an object valued by individuals or the public,
2‘ through breaking, destroying, cutting, burning, or defacing with paint, leads to a decline in the visual quality of .
s . . . . . Present: 0
QO 3 the area. It also threatens users’ physical and psychological well-being (Sahin et al,, 2019; Kara et al., 2024). Absent: 5
<Z( The types of vandalism in equipment elements will be identified and evaluated in the study area through a '
> scoring system.
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THE CHARACTERISTICS OF EVALUATION CRITERIA
COMPLIANCE WITH STANDARDS: Public furniture and structures were assessed based on ergonomic
characteristics and relevant standards from the literature.
e Benches: a) Seat height/depth: 40-45 cm / 45-50 cm; b) Backrest: 45-50 cm height; 10-15° tilt; c) Armrest
Dimensions: Width: 5-7 cm, Height: 20-25 cm; d) Weight capacity: Minimum 250 kg; €) Seat inclination: 3-
5o
Trash Bins: a) Height: 90-110 cm; b) Opening/closing mechanism: Pedal-operated or manual for easy use;
¢) Capacity: 30-50 liters (individual use); 60-100 liters (public use); d) Stability: Securely fixed to the
ground; e) Waste disposal angle: 45-60°
Lighting: a) Height: 3-5 m (for pedestrians), 8-12 m (for roadways); b) Suitability for nighttime use; c)
Glare and reflection prevention; d) Energy efficiency: LED or solar-powered systems

SCORE

2. Prevention of Sharp Edges: All elements must be free of sharp edges to ensure safety. Rounded edges
should be used, especially in children’s play equipment.

3. Non-Slip Surfaces: Non-slip surfaces are essential for pedestrian paths, bicycle lanes, and sports fields

4. Weather Resistance: Materials should be durable against rain, wind, and temperature fluctuations.

5. Ease of Maintenance and Cleaning: All elements should be made of materials that are easy to clean

and require minimal maintenance.

6. Accessible Design for Individuals with Disabilities: Restrooms, pedestrian paths, and signage should
be accessible to everyone.

O | o Signage and Information Panels: a) Height: 1.2-1.5 m (for pedestrians); b) Visual accessibility &
S readability; c) Illumination for night visibility Not suitable: 0
% e Drinking Fountains: a) Height: 85-95 cm (75 cm for accessible areas); b) Minimum open space around Partially suifable' 3
(@) unit: 1.5x1.5m . . )
8 e Boundary Elements: a) Height: 50-70 cm (low barriers), 100-120 cm (high barriers); b) Metal fence Suitable: 5
[T spacing: 10-12 cm between bars
e Playgrounds: a) Age-appropriate equipment selection: Proper slide slope, width, step spacing, swing height,
chain length, seat width, seesaw length, and height; b) Diversity of play equipment: At least three different
elements for varying age groups; c) Suitable vegetation for shade and aesthetics; d) Safe and controlled
location
e Pathways & Pedestrian Areas: a) Pedestrian traffic density: >6 m?2 per person (very spacious), 6-4 m2 per
person (comfortable), 4-2.5 m2 per person (moderate), 2.5-1.5 m? per person (crowded), <0.75 m?2 per person
(overcrowded); b) Physical accessibility: Sidewalks and ramps must meet accessibility standards (maximum
8% slope) (Unal and Uslu, 2018)
o Sports Areas: a) Orientation: North-South alignment for optimal sun exposure control
Other furniture must be of adequate quantity and quality within the designated space.
COLOR: Itis a crucial element in industrial product design, strengthening the connection between the product
and the user while enhancing functionality and aesthetics. Although often seen as secondary to form, color
completes the design and directly impacts usability, durability, and visual harmony. Appropriate colors for
different urban furniture elements ensure a cohesive, attractive, and functional environment.
e Benches and Gazebos: For wood and natural stone elements, use neutral, natural tones such as light brown,
walnut, and gray stone. Pastel or matte shades like dark green, anthracite, and beige create visual cohesion
for concrete and metal combinations.
e Trash Bins: Metal bins should be black, dark green, or gray to complement natural materials, while
fiberglass bins should use bright, durable colors like blue or green for visibility.
o Lighting Elements: Lamp posts should be finished in black, anthracite gray, or dark bronze for a classic and
resilient appearance. Warm white or natural LED lighting minimizes eye strain and improves comfort.
x| ® Drinking Fountains and Pools: Stone or ceramic finishes in white, light blue, or beige convey cleanliness . )
o and freshness, while metal components should use stainless steel gray or matte black. Not suitable: 0 )
3 | * Walls and Fences: Natural stone tones like beige and gray should be preserved for stone walls, and metal Pa(tlally' suitable: 3
(@) fences should be finished in matte black or dark gray to ensure durability and aesthetic balance. Suitable: 5
o Pedestrian paths should feature light gray or beige for better heat reflection and aesthetic integration.
o Bicycle Paths: should use red or green for increased visibility and safety.
o Vehicle Roads: Traditional dark gray asphalt or light-colored concrete
o Restrooms: Exterior colors like light gray, white, or dark green are easy to clean and maintain.
o Sculptures: Natural materials such as bronze or marble should retain their original color. Modern concrete
sculptures with metallic tones (gray, black) or contrasting colors may stand out.
e Children’s Play Equipment: Wooden structures should maintain natural wood tones, while plastic
elements should feature bright, engaging colors like red, blue, green, and yellow. Ground surfaces should
use soft natural tones like green, beige, or light gray for comfort.
o Sports Fields: Court flooring should contrast with white boundary lines to improve visibility, such as red
flooring with white lines for safety and clarity.
Neglected: 0
MAINTENANCE: The equipment elements were scored based on their maintenance condition Partially: 3
Well-maintained: 5
INFRASTRUCTURAL STABILITY: Equipment should have appropriate anchoring and infrastructure | Not suitable: 0
features. To prevent displacement or tipping, furniture and flooring materials must be tamper-resistant and points
stable. The electrical connections of lighting elements are a critical safety consideration. Additionally, proper | partially suitable: 3
drainage must be ensured for water-related installations and throughout the entire equipment area. points
i Suitable: 5 points
i) SAFE DESIGN: The evaluation of this criteria considers the presence of the following features:
% 1. Appropriate Spatial Features Not suitable: 0

1 feature present: 1
2 features present: 2
3 features present: 3
4 features present: 4
5 or more features
present: 5
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Optimization of facility layout design in furniture manufacturing using
fuzzy AHP and fuzzy EDAS and comparison with fuzzy ARAS

Hilal Singer'*"=", Abdullah Cemil ilge?"*’, Murat Bulca®"*, Erkan Bayir®

ABSTRACT: Efficient facility layout design is crucial for optimizing operations, reducing
costs, and enhancing productivity in manufacturing environments. This study focuses on
evaluating and prioritizing layout alternatives for a furniture manufacturing facility in
Turkiye. An integrated decision-making methodology combining fuzzy AHP (analytic
hierarchy process) and fuzzy EDAS (evaluation based on distance from average solution) is
employed to solve the problem. The fuzzy AHP procedure is applied to assess the importance
of criteria influencing facility layout decisions. The fuzzy EDAS procedure is used to evaluate
and rank facility layout alternatives. To support the model results, a comparative analysis
using fuzzy ARAS and a sensitivity analysis based on weight variations are conducted.
Flexibility emerges as the most important criterion with a weight of 35.56%. Among the
alternatives, layout option A3 demonstrates the best performance with a score of 0.9872,
corresponding to a 68.28% share. The study results demonstrate significant operational
improvements, including reduced production distances, enhanced energy efficiency,
minimized bottlenecks, and accelerated assembly processes. This research serves as a
valuable reference for addressing similar optimization challenges across various industries.

Keywords: Furniture facility design, AHP, EDAS, ARAS, Fuzzy set

Mobilya iiretiminde bulamik AHP ve bulamik EDAS kullamilarak tesis
yerlesim tasariminin optimizasyonu ve bulamk ARAS ile karsilastirma

OZ: Uretim ortamlarinda operasyonlarin optimize edilmesi, maliyetlerin azaltilmas1 ve
verimliligin artirilmasi agisindan etkili bir tesis yerlesim tasarimi biiyilk 6nem tasir. Bu
calisgma, Tirkiye’deki bir mobilya iretim tesisine yonelik yerlesim alternatiflerini
degerlendirmeye ve Onceliklendirmeye odaklanmaktadir. Problemin ¢6ziimiinde, bulanik
AHP (analitik hiyerarsi siireci) ve bulanikk EDAS (ortalama c¢oziime uzakliga dayali
degerlendirme) yontemlerini birlestiren entegre bir karar verme metodolojisi kullanilmaktadir.
Bulantk AHP yontemi, tesis yerlesim kararlarini etkileyen kriterlerin 6nem derecesini
degerlendirmek i¢in uygulanmaktadir. Bulanik EDAS yontemi ise tesis yerlesim
alternatiflerini degerlendirmek ve siralamak amaciyla kullanilmaktadir. Model sonuglarini
desteklemek amaciyla, bulanik ARAS kullanilarak bir karsilastirmali analiz ve agirlik
degisimlerine dayali bir duyarlilik analizi gergeklestirilmektedir. Esneklik %35,56 agirlik ile
en Onemli kriter olarak one ¢ikmaktadir. Alternatifler arasinda, A3 yerlesim segenegi 0,9872
puanla en 1yi performansi sergilemekte olup, bu deger %068,28’lik bir paya karsilik
gelmektedir. Calisma sonuglari; iretim mesafelerinin azaltilmasi, enerji verimliliginin
artirilmasi, darbogazlarin en aza indirilmesi ve montaj siireglerinin hizlandirilmasi gibi 6nemli
operasyonel iyilesmeleri ortaya koymaktadwr. Bu arastirma, ¢esitli endiistrilerde benzer
optimizasyon sorunlarmin ele alinmasinda degerli bir kaynak niteligi tasimaktadir.
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1 Introduction

Facility layout planning plays a crucial role in the design and optimization of
manufacturing systems, service organizations, and logistics operations. It is a strategic
endeavor aimed at arranging physical resources, including equipment, workstations, and
storage areas, within a facility to maximize efficiency, safety, and operational effectiveness
(Besbes et al., 2020). Facility layout planning directly influences productivity, costs, material
flow, energy consumption, and overall organizational performance. A well-designed layout
minimizes transportation and handling costs, improves communication and workflow, and
supports scalability and adaptability in dynamic environments (Zha et al., 2020).

Facility layout planning has been approached through various methodologies, including
systematic layout planning, mathematical optimization, and heuristic techniques.
Traditionally, the focus has been on single-objective optimization, often prioritizing cost or
space utilization (Al-Zubaidi et al., 2021). However, modern industries operate in complex
and competitive environments, where decision-making involves balancing multiple, and
sometimes conflicting, criteria. This shift has highlighted the need for multicriteria decision-
making (MCDM) approaches in facility layout planning. A structured and systematic
approach that integrates multiple criteria into the decision-making process is essential for
effective facility layout planning (Nenzhelele et al., 2023).

MCDM is a branch of operations research that focuses on evaluating a set of alternatives
based on a predefined set of criteria. These criteria can be either quantitative or qualitative,
depending on the context of the decision-making problem. MCDM involves analyzing and
comparing various options to assist decision-makers in selecting the most appropriate
solution. The key components of MCDM include goals, alternatives, criteria, weights, and
decision-makers’ preferences (Mofarrah, 2008; Kumar et al., 2017). MCDM encompasses a
variety of methods aimed at aiding decision-makers in scenarios where multiple decision
elements must be considered simultaneously. Some of the most popular MCDM methods
include the analytic hierarchy process (AHP), the technique for order of preference by
similarity to ideal solution, the weighted aggregated sum product assessment, the evaluation
based on distance from average solution (EDAS), and the decision-making trial and
evaluation laboratory.

Traditional MCDM methods utilize crisp numerical inputs, which may not adequately
represent real-world conditions. Fuzzy logic provides a framework for incorporating human-
like reasoning into MCDM. Fuzzy set theory allows elements to have partial membership in a
set, represented by membership functions ranging from 0 to 1. This capability makes fuzzy
MCDM well-suited for problems involving human judgment. Fuzzy MCDM is an advanced
decision-support technique that integrates the principles of fuzzy set theory into multicriteria
decision analysis (Keshavarz Ghorabaee et al., 2018). In a typical fuzzy MCDM process,
decision-makers first define decision elements. The ratings for criteria and alternatives are
expressed using linguistic terms and fuzzy numbers (connected set of possible values). Fuzzy
MCDM is particularly useful in situations where decision-making involves multiple, often
conflicting criteria, and where the input data or preferences are imprecise, uncertain, or
subjective (Petrovi¢ et al., 2019).

An integrated fuzzy decision-making methodology, consisting of AHP and EDAS, is
employed in this study for modeling and analyzing the facility layout problem. AHP solves
complex problems by structuring them into a hierarchical framework. By using pairwise
comparisons and a numerical scale to assess the importance of decision elements, AHP
assigns priority weights to criteria and ranks alternatives (Ozsahin et al., 2019; Kuscuoglu and
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Dilik, 2023). AHP offers numerous advantages, making it a valuable tool for decision-
making. One of its key strengths is its ability to structure complex problems into a clear
hierarchy, enabling systematic analysis of each component. AHP includes a consistency
check to ensure that pairwise comparisons are reliable. Its emphasis on both qualitative and
quantitative factors enhances the overall quality and defensibility of decisions (Moeinaddini
et al., 2010). In this study, fuzzy AHP is used to prioritize facility layout selection criteria.
EDAS is designed to rank alternatives based on their proximity to an ideal solution. This
method calculates positive and negative distances for each criterion, aggregates them, and
uses these values to determine the overall performance score of each alternative (Keshavarz
Ghorabaee et al., 2015). EDAS offers several advantages. One of its primary strengths is its
ability to balance positive and negative deviations from the average solution. This dual
consideration minimizes bias and ensures that all aspects of performance are considered.
Additionally, EDAS is computationally straightforward, making it accessible and easy to
implement across various decision-making scenarios. Its reliance on the average solution as a
reference point makes it particularly suitable for situations where extreme values or outliers
might distort the results of other MCDM methods (Torkayesh et al., 2023). In this study,
fuzzy EDAS is used to prioritize facility layout alternatives.

The purpose of this study is to evaluate and prioritize facility layout alternatives for a
furniture manufacturing facility by integrating the AHP and EDAS methods within a fuzzy
environment. The motivation stems from the significant impact of facility layout decisions on
operational efficiency and resource optimization in furniture manufacturing. The fuzzy AHP
procedure is used to determine the importance of criteria influencing facility layout decisions,
while the fuzzy EDAS procedure is applied to rank facility layout alternatives. This study
provides a reliable and flexible tool to support strategic facility layout decisions.

2 Materials and Methods
2.1 Fuzzy sets and fuzzy numbers

Fuzzy set theory extends the classical concept of sets by allowing elements to have partial
membership rather than a binary inclusion or exclusion. In classical set theory, an element
either belongs to a set (membership value of 1) or does not belong (membership value of 0).
However, in many real-world scenarios, boundaries between categories or sets are not clear-
cut, leading to uncertainty and vagueness. Fuzzy sets provide a mathematical framework to
handle this imprecision by assigning a membership grade to each element in the range [0, 1].
The degree of membership reflects the extent to which an element belongs to the fuzzy set. A
triangular fuzzy number is defined by three parameters (I, m, u), where | is the lower limit, m
is the middle value, and u is the upper limit. The membership function of a triangular fuzzy
number is defined using Equation (1). The triangular fuzzy number is graphically represented
as a triangle on a two-dimensional plane, where the base spans from | to u and the peak occurs
at m with a membership value of 1. This simple structure makes it a popular choice in fuzzy
modeling (Akdag et al., 2014).

0, x<lorx >u
py(x) =G =D/(m—=1), [<x<m (1)
w—x)/(u—m), m<x=<u

If M, =(l,, m,u))and M, =(l,, my, u,) represent two triangular fuzzy numbers, their
common mathematical operations are defined as follows:
My @ M, = (I + Lymy + my,uy + uy) (2)
My © M, = (I, = uy,my — my,uy — b) 3)
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ML®M2 = (l11y, mymy, uyuy) (4)
aM, = (aly,amy, auy) 5)
M= (/g 1 my 1/1) (6)

2.2 Fuzzy AHP method

AHP is designed to address complex MCDM problems by organizing them into a
hierarchical structure. The core concept of AHP involves breaking down a problem into a
hierarchy of levels, typically starting with the goal at the top, followed by criteria and
subcriteria in the middle, and alternatives at the bottom. Decision-makers perform pairwise
comparisons of decision elements at each level using a scale of importance ranging from 1
(equal importance) to 9 (extreme importance). AHP incorporates a built-in consistency ratio
that evaluates the coherence of pairwise comparisons. Pairwise comparison matrices are
constructed and analyzed to obtain weights. These weights reflect the importance of each
decision element (Darko et al., 2019). Traditional AHP relies on precise numerical values for
pairwise comparisons, but in many real-world scenarios, decision-makers may find it difficult
to express their judgments with exact numbers due to the complexity of the problem. Fuzzy
AHP addresses this limitation by using fuzzy logic to model these judgments. Some notable
studies that have utilized the fuzzy AHP method can be listed as follows: conveyor selection
(Nguyen et al., 2016), flood vulnerability assessment (Duan et al., 2022), nuclear power plant
selection (Abdullah et al., 2023), third-party logistics provider selection (Wang et al., 2024),
and prioritization of renewable energy sources (Luhaniwal et al., 2025). The current study
uses the Buckley AHP method to prioritize facility layout selection criteria. This method
consists of the following steps (Buckley, 1985; Budak and Ustundag, 2015):

Step 1: A fuzzy pairwise comparison matrix is created according to Equation (7).

a ajn AT
a a .. a

p=ff T 0
a a,n e Ay

where n refers to the number of criteria, and dj; is a triangular fuzzy number representing
the importance between two criteria.

Step 2: Geometric means of fuzzy comparison values are calculated using Equation (8).

= (G @ Ay ® ... ® diyy)/™ (8)
Step 3: Fuzzy weight values are calculated using Equation (9).
Wl = ‘F'l ® (‘F'l @ ‘F:Z @ . @ ‘Fn)_l (9)
Step 4: Weight vectors are obtained using Equation (10).
WIL" WEi + WEim + WEjy
WF]': n ]~' = - n ]~’ - (10)
X1 W =1 Wrij

2.3 Fuzzy EDAS method

EDAS serves as an effective tool for assessing and ranking alternatives based on their
performance relative to a set of criteria. The central idea of EDAS revolves around the
comparison of each alternative with an average solution, which is derived by calculating the
mean value of each criterion across all alternatives. For each alternative, two measures are
computed: the positive distance from average (PDA) and the negative distance from average
(NDA). The final performance score of each alternative is computed by integrating the
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weighted PDA and NDA values (Keshavarz Ghorabaee et al., 2015). Fuzzy EDAS is a
powerful extension of classical EDAS. It is designed to address the challenges of uncertainty
and vagueness in decision-making. Fuzzy EDAS is particularly suitable for scenarios where
precise data are challenging to obtain. The following are some prominent studies that have
employed the fuzzy EDAS method: hospital site selection (Yilmaz and Atan, 2021), energy
consumption planning (Demirtas et al., 2021), material selection (Singer and Over Ozgelik,
2022), strategy analysis (Le and Nhieu, 2022), and wind turbine selection (Tuysiz and
Kahraman, 2023). The current study uses the fuzzy EDAS method to prioritize facility layout
alternatives. The steps of this method are as follows (Ghorabaee et al., 2016; Hasheminasab et
al., 2019):

Step 1: A decision matrix is structured with m alternatives and n criteria. This matrix
contains the performance values (Xj;) of each alternative across various criteria.

[9711 X, - ’Eln]
o - .. = |

A=|x:2‘ X:22 . x:z”i;i= l,...m;j=1,...n (11)
iml imZ ian

av, = — ®F, (12)

Step 3: PDA and NDA matrices are constructed according to the following equations:

(y(X; © av
W( K] @) ) if j € set of benefit criteria
da,, = 13
pda, <W(ﬁe%) (13)
——=——— ifj € set of cost criteria
L k(@)
(v(av; © %,
% if j € set of benefit criteria
if j € set of cost criteria
\ x@) )

The function x(4) is used to obtain the defuzzified value of a triangular fuzzy number,

while the function W(A) identifies the maximum value between the triangular fuzzy number
and zero. Equations (15) and (16) are used to calculate these functions.

K( ) = Hzﬂ (15)
1f1<(/1) >0

v(4) = {o if () <0

Step 4: The weighted sum of PDA and weighted sum of NDA are calculated using
Equations (17) and (18).

(16)

n
- @1 7 & p:faij) (17)
= i
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n
sn; = © (W; @ nday) (18)
Jj=1

Step 5: The summed values are normalized using Equations (19) and (20).

. SP;i
= 1

P max, (<)) 9
sn; = 1 T, 20
T CED) 20)

Step 6: Fuzzy performance scores are obtained using Equation (21).
a5, = nsp;Pnsn; (21)

2
Step 7: Crisp performance scores are revealed using Equation (15).

3 Application
3.1 Problem definition

This study focuses on identifying and addressing inefficiencies in the production processes
of child bed components within a furniture manufacturing facility in Tlrkiye. An integrated
fuzzy AHP-EDAS methodology is proposed to handle the problem. The current operations
face significant challenges that adversely impact operational efficiency, productivity, and
customer satisfaction. These issues primarily stem from suboptimal facility layout and
production flow, highlighting an urgent need for waste reduction and process optimization.
Specifically, the study examines the MOBAKS line within the facility. Figure 1 illustrates the
existing operations on the MOBAKS line.
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Figure 1. Current operations of the MOBAKS line
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The current facility layout limits the effective utilization of both the workforce and
production space. This structure results in the unnecessary transportation of parts over long
distances, leading to wasted time, increased energy consumption, and heightened material
handling costs. Moreover, the expansion of product variety and the rising demand from
customers have outpaced the current capacity of the facility. This mismatch creates delays,
backlogs, and reduced responsiveness to orders. Interruptions in production flow caused by
bottlenecks and process inefficiencies further exacerbate the situation. An additional
challenge lies in the use of high-power machinery for simple tasks. Meanwhile, the
components of newly developed modules require prolonged machining times on standard
CNC machines. This contributes to extended cycle times, delays in the production line, and
reduced overall throughput. Deviations from standard work definitions, coupled with a lack of
streamlined processes, lead to defects and increased customer dissatisfaction. The growing
number of customer complaints highlights the pressing need for improvement initiatives.

As part of this study, a needs analysis is conducted by evaluating the current production
plans for child beds alongside medium- and long-term strategies for future growth. A detailed
assessment of the production efficiency of machines and workstations is carried out to
identify areas for improvement. Based on the processing steps of the production components,
alternative layouts are evaluated. Interactions between the machines are examined. Figure 2
presents the current route analysis of the considered line and a relationship diagram for the
machines. The left side of the figure (<) shows the defined routes and the total Kanban
quantity for each route. The most frequently used routes are B-B-C (540) and B-D-E (459),
indicating critical material flows within the system. The right side of the figure (—) shows a
relationship matrix detailing the number of direct transitions between the machines. The
highest values are observed in the flows between B-C (954), D-E (465), and B-D (465). These
figures point to a highly intensive workflow among these machines, underscoring the
importance of positioning them in close physical proximity to ensure an efficient layout
design. With the addition of a new area to the layout, alternative layout configurations are
identified.
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Figure 2. Current route analysis and machine relationship diagram for the MOBAKS line
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3.2 Decision-making framework

This study employs a two-phase decision-making methodology to handle the facility layout
problem. In the first phase, the fuzzy AHP procedure is applied to assess the importance of
criteria influencing facility layout decisions. Fuzzy AHP generates criteria weights that reflect
their significance in achieving the facility’s operational objectives. Building on these weights,
the second phase utilizes the fuzzy EDAS procedure to prioritize facility layout alternatives.
Fuzzy EDAS evaluates each alternative’s performance by analyzing its distance from the
average solution, accounting for both positive and negative deviations. Sensitivity analysis is
performed by varying the criteria weights to observe the stability of ranking outcomes.
Additionally, comparative analysis is conducted using the fuzzy ARAS method.

An expert team is established to evaluate the decision elements of the model. The selection
of experts is based on their domain-specific knowledge and prior experience in relevant
decision-making processes. Three alternatives (denoted as Al, A2, and A3) are analyzed to
identify the most effective solution. The criteria defined for evaluating the alternatives are
total walking distance (C1), distance for cutting and drilling (C2), distance for roofless
bedframe (C3), total rail savings (C4), compatibility with other machines (C5), and flexibility
(C6).

3.3 Prioritization of evaluation criteria

Prioritizing evaluation criteria is a critical step to ensure that decisions align with
operational goals and long-term efficiency. This study uses fuzzy AHP to prioritize the
criteria influencing layout selection decisions. The fuzzy AHP process involves the pairwise
comparisons of the criteria. The experts assess the importance of each criterion using
linguistic terms provided in Table 1. These linguistic terms are subsequently converted into
triangular fuzzy numbers for mathematical calculations.

Table 1. Linguistic terms and fuzzy numbers to evaluate the criteria (Ali Sadat et al., 2021)

Code Linguistic term Fuzzy number
1 Equally important 1,1,1)

2 Equally to slightly more important 1,2,3)

3 Fairly more important (2,3, 4)

4 Fairly more important to highly important (3,4,5)

5 Highly important (4,5, 6)

6 Highly important to very highly important (5,6,7)

7 Very highly important (6,7, 8)

8 Very highly important to absolutely more important (7, 8, 9)

9 Absolutely more important (8,9, 10)

The pairwise comparisons are arranged in a fuzzy matrix (Table 2). To ensure consistency
and reliability, the consistency ratio of the pairwise comparisons is calculated using the
classical AHP consistency check procedure (Saaty 1977). Since the calculated value is below
the threshold of 0.1, the evaluations are considered consistent and acceptable. Fuzzy AHP
calculates the weights of the criteria based on the created matrix. These weights are then used
to rank the criteria and guide the subsequent evaluation of the layout alternatives. The
resulting weights are presented in Figure 3.
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Table 2. Fuzzy pairwise comparison matrix

Criterion C1 C2 C3 C4 C5 C6

C1 (1,11 (2,34 (2,34 (1,1,1) (0.25, 0.33, 0.50) (0.25, 0.33, 0.50)
C2 (1,1,1) (1,1,1) (0.25,0.33,0.50) (0.17,0.20,0.25) (0.17,0.20, 0.25)
C3 (1,1,1) (0.25,0.33,0.50) (0.17,0.20,0.25) (0.17,0.20, 0.25)
c4 1,1, 1) (0.33, 0.50, 1.00) (0.33, 0.50, 1.00)
C5 (1,1,1) (0.25, 0.33, 0.50)
C6 111

C1. Total walking distance 0.1311

C2. Distance for cutting and drilling | 0.0534

C3. Distance for roofless bedframe | 0.0534

C4. Total rail savings 0.1567

C5. Compatibility with other machines 0.2499

C6. Flexibility 0.3556

000 005 010 015 020 025 030 035 040
Weight

Figure 3. Importance weights of the criteria

The calculated weights reveal the importance of each criterion in the facility layout
decision-making process. Flexibility emerges as the most critical criterion, accounting for
35.56% of the total weight. This result underscores the importance of a layout that can adapt
to changing production demands. The high priority given to flexibility highlights the facility’s
need to remain agile and responsive to future operational changes. The second most
significant criterion is compatibility with other machines, with a weight of 24.99%. Proper
machine alignment and interaction prevent workflow bottlenecks, minimize downtime, and
improve overall operational efficiency. These insights guide the selection of the optimal
layout alternative to meet the facility’s strategic objectives.

3.4 Prioritization of alternatives

The selection of the optimal facility layout requires a systematic evaluation of alternatives
based on predefined criteria. The study employs fuzzy EDAS to prioritize three layout
alternatives. The experts evaluate the performance of each alternative against all the criteria
using linguistic terms provided in Table 3. These qualitative assessments are subsequently
converted into fuzzy numbers for use in the fuzzy EDAS calculations. The resulting decision
matrix for the alternatives is presented in Table 4.
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Table 3. Linguistic terms and fuzzy numbers to evaluate the alternatives (Ali Sadat et al.,

2021)
Code Linguistic term Fuzzy number
1 Very bad 1,1,3)
2 Bad (1,3,5)
3 Medium (3,5, 7)
4 Good (5,7,9
5 Very good (7,9, 11)

Table 4. Decision matrix for the alternatives

Criterion Al A2 A3

C1 (1,3,5) 1,1,3) 1, 3,5)
C2 (3,57 (1,1,3) 1, 3,5)
C3 (5,7,9) (1, 3,5) (3,5,7)
C4 (1,1,3) (3,5, 7) 1, 3,5)
C5 (1,1,3) (1, 3,5) (3,57
C6 (1,1,3) (1, 3,5) (5,7,9)

For each criterion, the average performance score across all the alternatives is computed in
fuzzy and crisp forms. This average serves as the reference point for calculating the distances.
After determining the average solution for each criterion, the PDA and NDA matrices are
formed. These matrices provide a structured representation of how each alternative performs
relative to the average values for all the criteria. Specifically, the PDA matrix highlights the
degree to which each alternative exceeds the average performance, while the NDA matrix
captures the extent to which alternatives fall short. For each alternative, the individual PDA
and NDA values across all the criteria are summed and normalized, as outlined in Steps 4 and
5 of the fuzzy EDAS procedure. These results are then used to determine the final
performance of each alternative. The outcomes of the fuzzy EDAS analysis are presented in
Table 5.

Table 5. Fuzzy EDAS results

Variable Al A2 A3

Sp; (-0.23, 0.09,0.36) (-0.10, 0.10,0.26) (-0.39, 0.50, 1.25)
sn; (-0.23, 0.50,0.95) (-0.66, 0.19, 1.05) (-0.22, 0.00, 0.27)
nsp; (-0.49, 0.19,0.78) (-0.21, 0.21,0.57) (-0.85, 1.08, 2.69)
nsn; (-1.20, -0.17, 1.54) (-1.45,0.57,2.53) (0.38, 1.00, 1.51)
as (-0.85,0.01,1.16) (-0.83,0.39,1.55) (-0.23,1.04, 2.10)
as 0.0844 0.3742 0.9872

Ranking 3 2 1
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A3 is identified as the best-performing option among the evaluated alternatives. The
performance of A3 aligns closely with the decision-making objectives, making it the most
suitable choice for implementation. The decision-makers should proceed with the
implementation of A3 (Figure 4), as it demonstrates the best potential for improving
production efficiency and meeting operational objectives.
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Figure 4. Optimal layout option
3.5 Sensitivity analysis

Sensitivity analysis is an essential process for evaluating the reliability of decision-making
outcomes. By modifying the weights of evaluation criteria, this analysis examines how such
changes influence the ranking of alternatives. In this study, sensitivity analysis is performed
by interchanging the weights of two criteria while keeping the weights of all other criteria
constant. The weights assigned to two criteria are swapped, and the fuzzy EDAS procedure is
reapplied to assess whether the alternative rankings are affected. Each scenario represents a
weight adjustment between two criteria. As shown in Figure 5, A3 consistently ranks as the
best-performing option. This outcome confirms the reliability of the obtained ranking.
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Figure 5. Sensitivity analysis results
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3.6 Comparative analysis

Comparative analysis is a systematic approach used to validate the results of decision-
making processes by evaluating alternatives through multiple methods. The primary goal of
this analysis is to ensure the robustness, reliability, and consistency of the rankings or
decisions obtained. In this study, fuzzy ARAS is used to perform the comparison analysis of
the alternatives to validate the results obtained through fuzzy EDAS. Mathematical details of
fuzzy ARAS can be found in the literature (Heidary Dahooie et al., 2022). The same criteria
and their weights are used in this analysis to ensure consistency. As shown in Figure 6, the
results of fuzzy ARAS are consistent with those obtained using fuzzy EDAS. The alignment
of the results underscores the suitability of A3 as the optimal alternative.

1.20 -

1.00 ——

0.50 4

0.60 M Fuzzy EDAS
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0.40 - s e
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0.20
—
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Al A2 A3

Figure 6. Comparative analysis results
4  Conclusion

This study focuses on evaluating and prioritizing layout alternatives for a furniture
manufacturing facility in Turkiye. An integrated decision-making methodology combining
fuzzy AHP and fuzzy EDAS is employed. The fuzzy AHP procedure is used to determine
the importance of various criteria influencing facility layout decisions. The fuzzy EDAS
procedure is used to evaluate and rank the identified facility layout alternatives. The results
of the analysis highlight several significant improvements achieved through the selected
layout configuration:

e Flexibility and compatibility with other machines are identified as the top two criteria,
with weights of 35.56% and 24.99%, respectively. Layout option A3 demonstrates the
highest performance, scoring 0.9872 and accounting for 68.28% of the total. Layout
option A2 follows with a score of 0.3742, representing 25.88% of the total, while layout
option Al ranks last with a score of 0.0844, accounting for 5.84% of the total.

e The selected layout significantly enhances production efficiency and streamlines
processes. It reduces bottlenecks in miter cutting operations and eliminates glue
transportation between the roofless bedframe and cover assembly areas.

e The production distance for product components decreases by 210 meters, while active
rail length increases from 55 to 90 meters. The assembly time for rail components
decreases by 13.8 minutes. Reallocating tasks from CNC machines to lower-power
equipment saves approximately 25,640 kWh annually. The layout also enables
simultaneous production of multiple components.

e The findings of this study are consistent with prior research that employed various
methods to enhance facility layouts. For instance, Erden et al. (2016) used fuzzy
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axiomatic design in a furniture company to optimize layout and improve workflow.
Similarly, Savsar and Aldehaim (2020) applied the CRAFT algorithm to reduce
interdepartmental backflows and material handling costs. Lins et al. (2021) integrated a
(re)layout strategy into a cleaner production initiative, increasing area efficiency by
33.33% and reducing waste. Ince and Tasdemir (2024) combined AHP, PROMETHEE,
and CORELAP to create a layout that cut handling costs and improved flow while
keeping managers close to operations. Our study aligns with these efforts in its
approach and outcomes.

e This study provides a valuable contribution to the field of facility layout optimization by
presenting an integrated decision-making framework. The study results demonstrate
significant operational improvements, including reduced production distances, enhanced
energy efficiency, minimized bottlenecks, and accelerated assembly processes. This
research not only offers a robust solution for the furniture manufacturing sector but also
serves as a Vvaluable reference for other industries facing similar optimization
challenges.

e Future research can expand upon this work by incorporating additional criteria. The
integration of artificial intelligence could enable real-time visualization of layout
configurations under varying operational scenarios.
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Japanese design concepts and traditional joints for modern furniture
Oprea-Adrian Spanu'(®), Emilia-Adela Salca Manea'”

ABSTRACT: Japanese culture presents refinement, simplicity, aesthetics, and balance. It
shows how nature and aesthetics can be integrated into the living space. The architecture of
the Japanese house is characterized by sliding doors and partitions that can be removed to
create large, open, and flexible spaces. Traditional furniture has a simple beauty and
functionality that fits perfectly with Japanese life and philosophy. Japanese wood products are
uniquely crafted without nails or screws, relying on precise joinery for durability. Such a
technique yields very durable and aesthetically pleasing furniture pieces. Japanese wood
techniques, employing the art of Japanese woodworking, offer training in the wood workshop,
teaching patience and respect for nature. This study reviews and highlights Japanese design
concepts along with a selection of traditional jointing techniques for furniture. Based on them,
a modern table inspired by the Torii Gate was designed. Therefore, modern furniture inspired
by such concepts can stand the test of time.

Keywords: Design, Furniture, Japanese joints

Modern mobilyalar icin Japon tasarim konseptleri ve geleneksel
birlestirmeler

OZ: Japon Kkiiltiirii incelik, sadelik, estetik ve denge sunar. Doganin ve estetigin yasam
alanina nasil entegre edilebilecegini gosterir. Japon evinin mimarisi, biiyiik, a¢ik ve esnek
alanlar yaratmak i¢in ¢ikarilabilen siirgiilii kapilar ve bolmelerle karakterize edilir. Geleneksel
mobilyalar, Japon yasami ve felsefesiyle milkemmel bir sekilde uyusan basit bir giizellige ve
islevsellige sahiptir. Japon ahsap iirlinlerinin tasariminda ¢ivi veya vida kullanilmadigi bilinen
bir gercektir ve bu da onlar1 hassas baglantilara sahip olmalar1 nedeniyle ¢ok benzersiz kilar.
Boyle bir teknik, cok dayanikli ve estetik mobilya parcalariyla sonuglanir. Japon ahsap isciligi
sanatini kullanan Japon ahsap teknikleri, ahsap atdlyesinde egitim sunarak sabri1 ve dogaya
sayglyr Ogretir. Bu c¢alisma, Japon tasarim konseptlerini ve mobilyalar ig¢in geleneksel
birlestirme tekniklerinden bazilarini inceler ve vurgular. Bunlara dayanarak, Torii Kapisi'ndan
esinlenen modern bir masa tasarlanmistir. Dolayisiyla bu konseptlerden ilham alan modern
mobilyalar zamana meydan okuyabiliyor.

Anahtar kelimeler: Tasarim, Mobilya, Japon baglantilari
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1 Introduction

Interior design, specifically Japanese furniture, has become a source of inspiration for
designers all around the world. Japanese culture is known for its refinement, simplicity,
aesthetics, and balance. Japanese-inspired interior design integrates nature and aesthetics into
living spaces. The basic elements of Japanese interior design are: simplicity, the use of nature
as a source of inspiration, the colour palette, the architecture and flow of the space, and
traditional furniture items by using specific traditional techniques (Fujita, 2003). When all of
these come together, an environment where balance and harmony prevail emerges. This study
reviews and highlights Japanese design concepts along with a selection of traditional jointing
techniques for furniture. Based on them, a modern table inspired by the Torii Gate was
designed.

2 General Concepts of Japanese Design
2.1 Simplicity and minimalism

Simplicity is one of the most important characteristics in creating a piece of furniture, and
that principle is reflected in every aspect of the design (Hirano, 1991; Breyer, 2020). The
furniture is reduced to its essence with clear shapes and simple lines making the space clean
and uncluttered. This approach enables energy to flow freely, creating a calm and peaceful
environment (Juniper, 2003).

Simplicity is also highlighted in the choice of colour palettes used in Japanese design, such
as shades of white, gray, and natural wood tones, generally neutral hues. These colours create
an ideal background for positioning furniture within a room. Such a space becomes an “open
cavity” that invites contemplation and relaxation (Nitschke, 1993).

2.2 Integration of nature

The Japanese have a deep connection with nature, which strongly informs their design
philosophy (Engel, 1985). Natural elements such as stone, wood, and bamboo are generously
integrated into built spaces. Wood is frequently used to create a warm and welcoming
environment in Japanese-style interiors. Furniture items like low tables (chabudai) and
backless chairs (zaisu) contribute to this natural ambiance. They are typically dark-coloured,
made from wood or bamboo, and feature a low profile and flexible character to ensure they
can be easily moved, especially important in spaces with sliding walls (fusuma).

The concept of shinrin-yoku—or “forest bathing”—is a modern interpretation of this
ancient connection to nature, emphasizing the psychological and physiological benefits of
immersing oneself in natural surroundings (Li, 2018). Similarly, tsubo-niwa or Japanese
courtyard gardens are small green spaces often found within homes that bring nature indoors.
These gardens promote relaxation and reinforce the connection between inhabitants and the
natural world (Keane, 1996).

2.3 Japanese colour palette

The colours used in Japanese design are inspired by the natural environment of Japan. For
example, gray and black highlight the rocks and stones, white and beige highlight the snow
and cherry blossoms, shades of green represent the luxuriant vegetation of Japan, and blue
highlights the ocean and clear sky (Young, 2008). These colours combine perfectly to create a
calm, balanced image, adding depth and texture to spaces and furniture.

Natural lighting plays an important role in the design, thanks to large windows and shoji
paper panels, which allow natural light to enter the room, thus giving a bright and airy space.
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Artificial lighting uses lamps with warm and diffused light, with a minimalist design or
suspended, made from natural materials such as wood or paper (Jodidio, 2005). Indirect
lighting through cornices suits Japanese design through the modest light and the atmosphere it
gives to the space. This type of lighting helps small rooms and is the right choice to maintain
the minimalist and simplistic style. Table 1 displays examples related to these three concepts.

Table 1. General concepts of Japanese design (Spanu, 2024)

No. Definition Example
1 Simplicity
and
minimalism
2 Integration of nature
3 Colour palette

2.4 The architecture and flow of space

The architecture of the Japanese house is characterized by sliding doors and partitions that
can be removed to create large, open, and flexible spaces (Jodidio, 2005). This design
encourages connections between different areas of the house, especially with the surrounding
terraces and gardens.

The living room is inspired by the rooms specific to the tea ceremony with very low
furniture pieces. The dining table is used while kneeling or on cushions, and the armchairs
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and sofas must be at floor level. A mattress filled with rice threads called Tatami is used for
the floor, which is placed across the entire surface of the room.

The Japanese bedroom must be strictly functional, the furniture pieces must not be
cramped, and therefore the bed must be very low, or even a mattress is set directly on the
floor. The colours must be among the simplest, cream, black, and brown, both for the walls
and accessories.

The kitchen is planned to be always kept clean. Wooden or stone furniture, with
imperfections, creates an exemplary space, one of the strengths of Japanese design, thanks to
the wabi-sabi technique, a concept that brings to mind the beauty that is found in imperfection
(Juniper, 2003).

The bathroom is a space where you can disconnect at any time of the day. Japanese Ofuro
bathtubs are specific to Japanese culture and Zen philosophy and are used for relaxation
sessions. Stone and wood elements with diffused lamps or natural light are used for the walls
in the bathrooms.

The hallway of the Japanese house is considered an important space because it is a space
for receiving guests, and therefore, they show their respect for their fellow humans through
elegance and refinement. Low cabinets for shoes or wooden chests of drawers can be placed
in this space to support the green plants.

2.5 Specific traditional Japanese furniture

Traditional furniture has a simple beauty and functionality that fits perfectly with Japanese
life and philosophy (YYoshida, 2009). Cabinets and storage furniture are generally built
without handles to maintain this minimalist character. An important element in furniture
design is the Futon bed, which consists of a quilted mattress (shikibuton) and a sheet
(kakebuton) that serves as a blanket. This combination is placed directly on the Tatami. The
frame of the bed in Fig.1a is made of acacia wood which gives it stability and robustness.

Each stage of construction is done with skill, and each bed becomes unique in its way.
Another element of furniture design is the chabudai or low Japanese tables (Fig.1b). These
are perfect for serving tea and traditional food. Examples of modern Japanese interior design
are presented in Table 2.

a. Futon bed b. Low table-Chabudai
Figure 1. Specific Japanese furniture (Spanu, 2024)
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Table 2. Examples of modern Japanese interior design (Spanu, 2024)

No. Description Example (room and furniture)

1 Living room

2 Bedroom

3 Kitchen

4 Bathroom

5 Hall
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2.6 Modern trends in furniture design and examples of successful projects

Japanese culture is based on simplicity and minimalism, so furniture should be as simple as
possible. A spacious and airy room with furniture within the strictest limits is much more
beautiful and welcoming than one loaded with furniture items (Adriasola et al., 2016; Jodidio,
2005). Aligned with the modern trends felt nowadays in design, the contemporary Japanese
style can be highlighted by the following elements (Spanu, 2024):

» Sophisticated minimalism is a major furniture design style that emphasizes quality and
durability with the slogan “less is more” (Juniper, 2003).

« Japandi style represents a cultural fusion of two different interior design styles. This
style is distinguished by combining the traditional Japanese style with the minimalist and
soothing Scandinavian design. Japandi style became popular in 2017, when it was intended to
express minimalist technique and aesthetics in a complementary way.

* Neo Art-Deco represents a contemporary style in vogue and is also called the return to
glamour. It is a trend that emphasizes details such as wallpaper, stucco in a room, so that the
opulent furniture stands out.

» Biophilic design is a style that brings nature into people's homes and can contribute to
creating a cleaner and more relaxing environment.

« Eclectic style (the new normal) is a style that breaks with the concept that everything has
to fit together perfectly, so it is a mix of styles, textures, and colours that can create a unique
and welcoming space with a lot of personality (Juniper, 2003). It offers the freedom to
combine old with modern elements, synthetic materials with natural or bright colours with
neutrals.

« Inclusive design is a growing trend to meet the needs of all residents including those
with disabilities. Characteristic elements are ramps, handles, or adaptable furniture that make
the surrounding space more functional.

Traditional Japanese carpentry works on the principle of respecting nature. Out of the
world-renowned furniture creators, we can name George Nakashima and Hisao Hanafusa.

George Nakashima used to say that a tree is our most intimate contact with nature. His
entire philosophy and work were based on this concept. He believed that a tree should be cut
down when it reaches maturity, because then, like man, it will die and return to the ground.
Thus, cutting it down and using it to make useful objects in the house gives it the chance to
live another life. He worked wood in a special style, different from other woodworkers. He
preferred the part where the tree trunk forked, because that's where the wood had the most
beautiful pattern (Nakashima, 1981).

Tabletops made from a single slice of wood were brought into Nakashima's furniture
design, and the use of wooden bow ties to bridge cracks or weak spots between them became
his signature (Fig. 2a). Nakashima designed a lot of furniture, but he never signed it. He
created works for famous people, and his pieces are housed in famous museums in the US and
Japan.

Hisao Hanafusa is a carpenter who uses traditional techniques, saying that you have to
work with nature to achieve your goals. This statement helps him preserve the natural shapes
of wood without interfering with them. He develops the idea of using wood from the base of
the tree upwards, thus preserving the order of nature. The creative process begins with the
tree, which is cut and sliced into planks that are left to dry for up to 10-20 years, after which
he chooses the plank and nature tells him what to do with it. Therefore, you look for a project
that fits the nature (Fig. 2b).
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a. Table created by George Nakashima b. Table created by Hisao Hanafusa

(URL 1, 2025) (URL 2, 2025)
Figure 2. Different designs for modern furniture

3 Japanese wood jointing and the SOA table design
3.1 Brief history of the wooden Japanese joints

Japanese joinery is a traditional woodworking technique that has been used for centuries in
Japan (Brown, 2011). It is known for its intricate craftsmanship and precision, resulting in
strong and durable wooden joints and structures (Engel, 1985). Kabuse-meji-tsugi represents
the art of Japanese joinery. In this technique, the craftsman considers the functional along
with the aesthetic line, but the wood species to be used are granted with respect, and wood
colour, pattern, and texture are relevant for the designed work (Takenaka, 2006). This
attention to detail ensures that the joint not only serves its purpose but also enhances the
overall beauty of the structure. In addition, kabuse-meji-tsugi is not limited to just straight
joints; curved and angled joints can be obtained as well. Such structures are found in various
architectural elements such as roofs, beams, furniture, or door frames (Yoshida, 2009).

The origins of Japanese carpentry go back to the Asuka and Nara periods (VI-VIII
centuries) when Japan was heavily influenced by the Chinese culture (Ito, 1998). Continuing
during the Heian period (IX-XII centuries), the art of Japanese joinery flourished and new
techniques appeared (Fujita, 2003).

Later on, Japanese carpentry underwent further advancements during the Kamakura period
(XI-XIV centuries). Zen Buddhism greatly influenced the philosophy behind carpentry,
emphasizing its simplicity and harmony with nature.

No nails, screws or glue are used for traditional Japanese woodworking, neither modern
power tools. Such joints provide an exceptional durability to the resulting structures. In the
case of constructions, the resistance to earthquakes is due to the absence of iron nails, which
allows the joint to flex and support seismic forces. The craftsmen use a range of tools, all
well-sharpened and accurate. Even though power tools are increasingly used instead, hand
tools remain essential to achieve intricate joints in their project (Brown, 2011; lzuhara, 2020).

3.2 Specific Japanese wood jointing techniques

Japanese wood joining techniques for furniture are known for their refinement and
accuracy, allowing the creation of durable and aesthetic furniture pieces without the use of
nails or screws (Sato and Nakahara, 1995; Yoshida, 2009). Here are some of the most
commonly used Japanese jointing techniques in wooden furniture construction:
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e Kumiko

Kumiko is a traditional Japanese method of joining wood, primarily used to create
decorative patterns in wooden frames, such as shoji screens and other architectural elements
(Seike, 1977). The history of this technique spans several centuries and reflects the
craftsmanship and attention to detail characteristic of Japanese carpenters.

Kumiko originated in the Asuka period (538-710 AD), but became truly sophisticated
during the Edo period (1603-1868). During this period, carpenters developed a wide range of
intricate patterns reflecting Japan's cultural and aesthetic influences. The technique has been
refined over the years, and craftsmen have passed down their knowledge from generation to
generation.

Kumiko involves the accurate cutting and joining of small pieces of wood to create
geometric patterns. It does not use nails or glue, but relies on precise joints that fit together
perfectly. Some of the most common patterns include asanoha (hemp leaf) and yosegi
(complex geometric patterns) (Fig.3a).

Kumiko is not only a decorative technique but also a symbol of traditional Japanese values
such as simplicity, functionality, and respect for nature. Each pattern has its meaning, and the
craftsmen place great emphasis on balance and proportion in their designs (Sato and
Nakahara, 1995; Yoshida, 2009).

e Ari-Gata

Ari-gata, also known as dovetail jointing, is one of the oldest and most appreciated wood
jointing techniques in the Japanese tradition. This joint is known for its durability and
strength, and is frequently used in the construction of wooden furniture and structures (Sato
and Nakahara, 1995; Yoshida, 2009). The history of Ari-gata stretches back centuries with
origins in the Yamato period (250-710 AD). The technique evolved as Japanese carpenters
perfected woodworking methods influenced by the need to create strong structures without
the use of nails or other metal materials which were rare and expensive.

The Ari-gata joint is characterized by its trapezoidal shape which resembles the tail of a
dove (Fig. 3b). This special shape provides a robust connection that is resistant to separation
forces, making it ideal for drawer corners and other joints that require high strength (Seike,
1977; Yoshida, 2009).

The Ari-gata technique is mainly used in furniture construction, such as drawers, boxes,
and other furniture items that require strong corner joints. In addition to functionality, this
technique also adds aesthetic value, showing the craftsmanship of the carpenter and respect
for Japanese tradition.

e Hozo

The Hozo technique, also known as mortise and tenon, is one of the oldest and most widely
used woodworking techniques in the world. In Japan, the technique was perfected and became
an essential element in the construction of buildings and furniture, reflecting the
craftsmanship and attention to detail of Japanese carpenters (Sato and Nakahara, 1995).

The Hozo technique has ancient origins, having been used for thousands of years in various
cultures to create durable and sturdy structures. In Japan, the technique was adopted and
adapted to suit the specific aesthetic and functional requirements of Japanese architecture and
carpentry. The first uses of the Hozo technique in Japan can be traced back to the Yayoi
period (300 BC - 300 AD) when Japanese carpenters began to develop advanced methods of
woodworking. During the Nara period (710-794) and Heian period (794-1185), the use of the
Hozo joint became more sophisticated as Japanese carpenters began to build temples and
other complex structures (Seike, 1977; Yoshida, 2009). During the Edo period (1603-1868),
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the Hozo technique reached a level of extraordinary refinement with Japanese carpenters
developing numerous variations of the joint to suit different architectural and furniture
applications. Hozo is widely used in the construction of traditional Japanese buildings such as
temples, pagodas, and houses. It is also essential in the making of traditional Japanese
furniture such as tables, chairs, and cabinets (Fig.3c).

e Kanawa-Tsugi

Kanawa-tsugi is a traditional Japanese method of wood joining used in construction and
carpentry. This technique involves connecting two pieces of wood, usually at right angles,
using a special type of mortise (Seike, 1977; Yoshida, 2009).
It is a joint used to extend the length of a piece of wood. The pieces of wood are cut and
joined in a way that evenly distributes the tension, creating a strong joint, and it is often used
in the construction of long furniture frames such as tables and benches (Fig.3d).

Kanawa refers to a key-shaped piece of wood while tsugi means joint. In this technique, a
piece of wood is cut and shaped to fit where the two main wooden pieces meet. This involves
an intricate cut to fit perfectly into the space between the two pieces of wood, thus ensuring a
strong and stable connection (Sato and Nakahara, 1995).

Kanawa-tsugi is valued for its simplicity, but also for its strength. This technique was
developed over time in Japan and is still used today in many traditional and modern
construction projects. Using this technique requires skill and precision, but the results can be
impressive from an aesthetic and functional point of view.

DOVETAIL JOINTS

vy

T
ANT7ZAXY

a. Kumiko b. Ari-Gata

Japanese Joinery Kanawa Tsugi

Mortise

The Mortise is the opening

Tenon

The Tenon is the insert.

The sides of the tenon are called cheek

c. Hozo d. Kanawa Tsugi

Figure 3. Examples of Japanese jointing techniques (Spanu, 2024)
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3.3 The SOA table design

The table is a Japanese concept inspired by the Japanese Torii Gate, which marks the
entrance into a sacred place of a Shinto shrine in Japan.

The table is made of oak wood (Quercus robur L.) by using two types of Japanese joints,
such as Wari-kusabi and Hana-Sen (Fig. 4 a-b). The Hana-Sen (draw pin joint) relies on a
piercing locking pin while the Wari-kusabi (split wedge joint) uses a set of wedges pushed
into corresponding slots at the end of the male component, effectively locking the assembly
(Wall, 2021; Spanu, 2024). Two variants of the table in 3D modelling are presented in Fig.5.

The table is built starting from the legs up, towards the tabletop, it contains no screws. It
was designed to be delivered in pieces and assembled according to a sketch attached to the
project. The table is a prototype; it has a size of 900 * 500 mm and a height of 450 mm. Semi-
professional tools have been used in a private workshop to produce it: a roughing machine,
circular table saw, band saw, hand circular saw, mortising machine, and chisels. The
sequences of processing are presented in Table 3. A manual sander was used for sanding, and
Rubiomonocoat black oil was applied to obtain the final finishing (Fig. 6).

a. Hana-Sen b. Wari-Kusabi

Fig. 4. Typical joints used for the SOA table (Wall, 2021; Spanu, 2024)

a. Natural finishing b. Black finishing
Figure 5. 3D modelling of the SOA table (Spanu, 2024)
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Table 3. Sequences of the processing in the workshop (Spanu, 2024)

i

10. Front view of the table 11. Side view of the table
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a. SOA table (Spanu, 224) b. Toru Gate (URL 3, 2025)
Figure 6. Final product inspired by the Torii Gate

4 Conclusions
The research results are presented below in bulleted form.

e Sustainability is deeply rooted in the ethos of Japanese woodworking. Traditional
wood-working craftsmen use local wood species such as Hinoki (Japanese cypress),
Sugi (Japanese cedar), and Kiri (Paulownia) which have good workability and beauty.
Therefore, the local ecosystems are well-supported by such a practice.

e The sustainability of Japanese woodworking resonates strongly with the contemporary
global emphasis on environmental practices.

e The art of Japanese woodworking is a tradition where respect for material, precision of
technique, and elegance come together and transcend borders, cultivating a connection
with nature and heritage. It offers lessons in the wood workshop; it teaches patience
and respect in the natural world.

e Asa result, modern furniture can be based on such concepts and stand the test of time.
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Integration of design for disassembly method using recycled mahogany
material in modular furniture

Nurnajman Assyiraq Ibrahim*™ =, Sheila Andita Putri*

ABSTRACT: This paper explores the Design for Disassembly (DfD) methodological
approach in the furniture design process. Design for Disassembly is a product design strategy
that enables a product to be disassembled for easier maintenance allowing cost-effective
recovery of reusable components and materials, which are important for optimizing products
for reuse and recycling at the end of their life cycle. The modular concept further enhances
this approach by allowing for interchangeable parts enabling customers to repair and upgrade
their furniture without needing a complete replacement. Furthermore, this paper provides an
overview of Design for Disassembly approaches on furniture development as an effective tool
for significant reduction for new raw materials using recycled mahogany material that result
from adopting these practices. The main aim of this research is to support the current and
future development in the field of disassembly, promoting a more sustainable utilization of
resources, contributing to a circular economy and minimizing the environmental impact of
furniture manufacturing.

Keywords: Design for disassembly, Sustainable waste management, Modular furniture

Modiiler mobilyalarda geri doniistiiriilmiis maun malzemesi kullanilarak
sOkme yontemi icin tasarimin entegrasyonu

OZ: Bu calisma, mobilya tasarim siirecinde Demontaj icin Tasarim (DiT) metodolojik
yaklasimini incelemektedir. Demontaj I¢in Tasarim, iiriiniin daha kolay bakim i¢in demonte
edilmesini saglayan ve yeniden kullanilabilir bilesenlerin ve malzemelerin maliyet etkin bir
sekilde geri kazanilmasii saglayan bir iirlin tasarim stratejisidir; bu bilesenler, yasam
dongulerinin sonunda yeniden kullanim ve geri doniisiim igin iriinleri optimize etmek i¢in
onemlidir. Modiiler konsept, degistirilebilir pargalara izin vererek bu yaklasimi daha da
gelistirir ve miisterilerin mobilyalarimi tamamen degistirmeye gerek kalmadan onarmalarini
ve yukseltmelerini saglar. Ayrica, bu ¢alisma, bu uygulamalar1 benimsemekten kaynaklanan
geri doniistiiriilmiis maun malzemesini kullanarak yeni hammaddeler icin 6nemli bir azalma
saglayan etkili bir ara¢ olarak mobilya gelistirmede Demontaj I¢in Tasarim yaklasimlarina
genel bir bakis sunmaktadir. Bu c¢aligmanin temel amaci, demontaj alanindaki mevcut ve
gelecekteki gelismeleri desteklemek, kaynaklarin daha siirdiiriilebilir  bir  sekilde
kullanilmasin tegvik etmek, dongisel ekonomiye katkida bulunmak ve mobilya iiretiminin
cevresel etkisini en aza indirmektir.
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1 Introduction

The Indonesian Stock Exchange reports that the Indonesian furniture industry is
experiencing growth in the First semester of 2024, furniture industry products contributing
1,1% towards GDP, with export performance of over 1,02 billion US dollar. As the Data
Statista Market Insight projects, the 2028 Indonesian furniture market will reach 4,24 billion
US dollar. The largest segment in this market is living room furniture, followed by home
décor and bedroom products. Besides the market analysis, increasing population growth in
Indonesian metropolitan cities demands an ever-increasing amount of space, leading to the
creation of limited residential space. As a solution to limited land, an apartment is considered
the best option for urban communities to live in the city. This condition causes a problem for
residents to create comfort and functionality in a limited space. One way to solve this problem
is by creating multifunctional and flexible furniture, so that the room can be used to its full
potential without compromising any daily activities. As time goes by, innovation in furniture
products is growing and developing along with the needs of users, one of which is the
innovation is furniture with modular features. Modular design involves creating products by
arranging sub-assemblies and components as separated building blocks known as modules,
which can be configured and integrated to meet a various user needs and technical
requirements. (Tseng et al., 2018). Modularity in product design, as described by Ulrich and
Tung (1991) defined in two terms: (1) alignment between the physical structure and its
functional elements, and (2) reducing incidental interactions among physical components.
Ulrich (1995) also states that modular products or subassemblies have a one-to-one mapping
between functional elements in the function structure and physical components of the product,
ensuring that all components from various modules are separated. In other words, a module is
a component with the same shape and a configuration according to the needs of its users.

A design process is essential when creating a product; the importance of the design process
in a product will determine the success of the product. Design is concerned with creating
items that people want. This process involves thought and execution in the design. Modern
product design is a systematic, methodical, and directional creative activity. The design
practice refers to the progression of the design and the sequence in which design tasks are
completed. This process represents an integrated approach to identifying, analysing, and
solving problems (Cheng, 2018). A good design must follow a plan that includes objectives
concerning cost, performance, effort, chance of success and even aesthetics. The design
process must take a closely evaluated path, starting from the statement of needs that are
considered important until the functionality is achieved. Therefore, design requires a
methodological approach. Methods involve the totality of approaches that can be employed to
accomplish specific objectives across various fields. When people want to understand and
change the world, they must participate in a range of cognitive and practical activities. The
diverse techniques in these activities are collectively referred to as methods. No matter the
task at hand, it is essential to have appropriate methods, as the effectiveness or disadvantages
of these methods directly influence the success or failure of the work (Cheng, 2018).

Design for Disassembly is one of the design methods used in the manufacturing industry.
Mule (2012) states that Design for Disassembly is a method that allows products to be
diassembled for easier maintenance, repair, and the recovery and reuse of components and
materials. This method aims to reduce the environmental impacts while maximizing the end-
of-life value of the product. Rios et al., (2015) define DfD as a method that aims to ease
deconstruction processes through planning and design. Deconstruction is the process of
dismantling a product recover the functionality of the disassembled materials so that it can be
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reused. The deconstruction technique essentially changes the conventional waste management
process. The Design for Disassembly process is a crucial strategy for conserving new raw
materials in order to reduce waste, extend the life of materials, and optimise their use.

Waste Management Hierarchy

Deconstruction: product reuse, preservation
of landfill space and natural resources

REDUCE

|

REUSE —

Resource optimization: rethink design (DfD)

Reuse materials: as new components or
scrap materials on site

Downcycle: reuse on a lower level (i.e. l
dimensional lumber chipped for particle RECYCLE

board) l

Composting W) Burning mssssd Landfill

Upcyle: create value added products

Figure 1. Waste Management Hierarchy (Rios et al., 2015)

Design for Disassembly functions as Reduce, Reuse, and Recycle (3R) process with the
goal of eliminating the urgency of composting, burning, and waste disposal.
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Figure 2. Closed Loop Material (Rios et al., 2015)

Design for Disassembly is an important concept in the effort to create a closed loop
material system. The Closed Loop approach is similar to natural biologic metabolical
processes where “waste” is transformed into “nutrients”. The continuous cycle is referred to
as technical metabolism, enabling waste to be recycled and reused into new nutrients, which
can be new materials or uses to creating other products. (Rios et al., 2015). As will be
discussed in this paper, the focus is on designing furniture by implementing the Design for
Disassembly method. Research on the application of this method remains quite limited;
therefore, this study aims to contribute to the existing literature, validate the effectiveness of
this approach in the furniture products design process, and create a positive impact on both
users and the environment.

2 Material and Method

This study utilizes a qualitative research methodology. Qualitative research systematically
collects and analyzes a variety of empirical materials such as observation, interview, case
studies, and document analysis and is used as an approach to uncover perceptions and events
realistically and comprehensively in a natural environment. (Denzin & Lincoln, 2008).

Corbin and Strauss (2008) In Bowen (2009) defines document analysis as a systematic
approach to reviewing or evaluating documents. Similar to other qualitative research methods,
it involves analyzing and interpreting data to extract meaning, improve understanding, and
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build empirical knowledge. Document search was applied in the analysis of the data in terms
of Design for Disassembly approach, guidelines, framework and strategy. The findings from
this analysis were then applied to the furniture production process based on Design for
Disassembly principles.

3 Applying design for disassembly method in furniture design process

In Escoto-Munoz (2020), Mule (2012), Galantucci et al., (2004), and Dowie-Brahma
(2001), there are three essential factors that designers should consider to applying
disassembly method

e Material Selection.
e Fasteners and Connectors.
e Product Structure and Component design.

3.1 Material selection

Material selection is a crucial element in product design. In the Design for Disassembly
method, the selection of materials must not compromise the structural requirements of the
design, especially when using a variety of materials. Mule (2012) states several guidelines for
material selection, explained as follows:

e Select materials that reduce pollution during extraction, processing, installation,
recycling, and disposal.

Limit the variety of materials in each component.

Decrease the total number of various materials in product.

Ensure that materials can be easily recycled during disassembly whenever possible.
Design parts for remanufacturing and reuse after disassembly.

Facilitate classification of material.

Select materials that are compatible with one another.

Reduce the overall diversity of materials.

Optimize the use of all materials.

Avoid contaminant material.

In this study, researchers utilized mahogany wood waste sourced from the INPI House, a
local MSME (Micro, small and medium enterprises) producing and specializes in creating
signage and displays for commercial spaces, such as cafés, restaurants, hotels, gallery rooms,
offices, clinics and the other sector within the hospitality industry.

el T R e

X

Figure 3. INPI House Workshop
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Using mahogany as the main material, INPI House uses 3 m® of mahogany every month,
which is equivalent to 180 mahogany tree trunks. This results in 10% of the wood not being
used due to faulty tree trunks and materials that do not meet production quality standards.

Figure 4. INPI House Wood Waste

3.1.1 Waste management

The production process creates waste in the form of large pieces, small pieces and sawdust
with different sizes. Waste management was categorized according to four waste types in
Table 1.

Table 1. INPI House Waste Management

Waste source Waste product Waste size Waste management
Deformed Mahogany Wooden Planks 15cmx 1mto 15 cm N/A
Wood Material received Xx2m

from the supplier

Wood Processing Sawdust N/A Utilized for tofu factory
Residues furnace combusion
Production Process Small sized pieces of lecmx2cmto 20 cm  Utilized for dowels, joints,
wood x15cm moulds, and other wood
working supportive
equipments
Finished Products that fail  Finished Wood Products 5 cm x5 cmto 20 cm N/A
the required qualification x30cm

As a result, INPI House continues to underutilize its potential for waste disposal; in other
words, INPI House does not have any effective waste management practices. In this case, a
significant portion of the wood waste can be recycled to create new products.

Rios (2015) describes Design for Disassembly as an essential concept for closing material
loops and transforming waste into new materials. Recycled mahogany material was
implemented to furniture design process using deformed wood and production process waste
with the aim to reduce the use of new material and emphasize a closed-loop system.
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3.2 The Selection and use of connector and fastener

Connectors and fasteners play a crucial role in joining components and sub-assemblies in
designs intended for manual disassembly. Although different methods can be used to
minimize the time needed for disassembling parts, designers need to consider several factors:

e Minimize the number of fasteners and connections in an assembly.

e Choose fasteners and connections that allow quick and easy disassembly.

e Limit the variety of fasteners used within an assembly.

e Utilize snap fit fasteners whenever possible.

Use standardized fasteners.

Design assemblies to accommodate common hand tools for disassembly.

Avoid using incompatible adhesives that can negatively impact material recyclability.
Prioritize fasteners and connectors over hard wired connectors.

Aim to minimize both the quantity and diversity of fasteners.

By prioritizing sustainable and environmentally friendly principles, this furniture
design deliberately avoids conventional fasteners and connectors such as bolts, screws,
locks, nails, or other commonly used connectors in the furniture industry. To enhance this
approach, the design utilizes joints that serve as connectors between components or sub-
assemblies.

3.2.1 Joints

Joints are a crucial connection between two or more components of wood, essential to
create a strong and functional structure. In this particular design, the sliding dovetail joint is
applied, which is a specific type of wood joint used to connect two components of wood. This
joint consists of two parts, with one part of wood having a prominent dovetail shaped
projection and the other part of wood featuring channels or slots that imitate the shape of the
projection.

Figure 5. Dovetail Joint

To enhance quick and easy disassembly, sliding dovetails are utilized to connect modules
in various configurations. In traditional timber construction, a dovetail joint is used to connect
stuctural components in the longitudinal direction to extend the length of timber tension.
These joints are also employed to join two elements at right angles or nearly so. It is also used
as a corner joint in carpentry and joinery. The specific geometry of the dovetail joint allows it
to withstand both compression and tension forces along the longitudinal axis of the element.
The precise fit of the dovetail joints keep maintain the alignment of the elements without the
use of screws, nails, or other fasteners. (Dounas & Spaeth, 2014).
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3.3 Product structure and component design

Product structure and component design that allow easy disassembly for maintenance will
also enhance the recycling process initiated by the designer. Some applicable principles
include:

e Facilitate quick and cost-effective disassembly of the product.

¢ Reduce the number of assembly operations required.

e Establish an appropriate service life for product.

e Design modular product that allows modules to be disassembly for maintenance or
use.

e Decrease the number of parts involved in an assembly.

e Standardize the materials used for component assembly.

e Limit the variety of materials used in an assembly.

e Construct sub-assemblies in configurations without affecting the function of the
component.

e Reduce the number of fragile parts to allow reuse and reassembly.

e Avoid the use of laminates that necessitate separation before reuse.

In alignment with the principles of the Design for Disassembly approach, this design uses
modular concepts with the aim of simplifying assembly and disassembly processes.
According to Tseng et al., (2018), modular design refers to structuring product design by
arranging sub-assemblies and components as separate modules which can be integrated in
various configurations to address diverse user needs and technical requirements.

3.3.1 The benefits of modularity

Sosale et al., (1997) in Gerhenson et al., (2003) highlight two main benefits of modular
product functionality: reconfigurability and product variety. Reconfigurability allows
products to be arranged and enhanced through the addition of new modules. Product variation
and customization enable customers to choose from different models through the arrangement
of optional modules. To integrate flexible features, it is essential to ensure that modules can
be easily interchanged and reused. For optimal reusability requires designing products with
separate functional modules instead of combining all functions into a single unit (one-to-one
form-function mapping). Products with a modular concept offer better reusability compared to
non-modular products. Successful module reusability also depends on the ease of assembly
and disassembly.

Sosale et al., (1997) also discuss the impact of modularity during its life cycle. Two
significant life cycle benefits and their associated design goals are as follows:

1. Maintenance: Faulty products can be easily detected and replaced by simplifying the
analysis of product errors and maintenance processes.

2. Recycling, reuse, and disposal: Modular design allows components to be arranged into
easily removable modules. This design approach enhances the ease of reusing,
recycling, and disposing of components.

4 Result and Discussion

Design for Disassembly methodological approach, which is generally used in automotive
in electronic manufacturing, presents a valuable opportunity for the furniture industry as well.
This approach can be used as a sustainable strategy and an effective tool for product
development and recovering disposal products and materials.
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DfD techniques, which create a closed loop for a product, play an important role in
reducing waste and optimizing the product manufacturing process. The implementation of the
DfD method can lead to a significant reduction in production costs and provide greater
flexibility during product development. This method is also essential for adapting to changing
market demands and consumer preferences, which in turn leads to a cost-efficient
development.

4.1 Design practice

This section describes the Design for Disassembly approach applied to furniture utilizing
recycled mahogany wood waste sourced from the INPI House workshop. The project involves
reusing wood pieces measuring between 10 cm by 15 cm and 15 cm by 30 cm. To be modular
furniture, this product shaped as separates modules (one-to-one mapping) by combining wood
pieces to create panels measuring 40 cm in height, 40 cm in width, and 3 cm in thickness.

The execution of the design process begins with 3D CAD (Computer-Aided Design) in
Autodesk Fusion to precisely visualize product development, improve material selection, joint
design, modular technique and specification. It allows precise measurements and adjustments
to simulate how the product will perform before it is manufactured.

SOLID SURFACE MESH SHEET METAL PLASTIC UTILITIES MANAGE

DESIGN + “.'\- L’I ;:‘ ‘Xh H“ \ \‘Q\ f‘fj I)"JJ i E Hj e -r(ﬁ; E;_

CREATE » AUTOMATE v MODIFY v ASSEMBLE v CONFIGURE CONSTRUCT v INSPECT v INSERT v SELECT

COMMENTS o b & Q QA8 -8

Hebpy DENSENESNENNETDDO PR +PODIL+OOIINFNT o

Figure 6. Wood Panel visualization in 3D CAD

Grouping modules with a dovetail joint allows easy assembly and disassembly. The
dovetail joint is integrated into the panels and consists of two parts: one part features a male
dovetail shape, and the other part of wood has slots that mimic the male dovetail, serving as
the female joint. To allow modularity, the dovetail joint includes two male joints on one side
and two female joints on the opposite side.
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Figure 7. Male and Female Dovetail Joint

Figure. 8. Vertical and Horizontal Joint

Functioning as both horizontal and vertical connectors (Figure 8), this design allows easy
assembly for connecting joints. This flexibility not only simplifies the assembly process but
also allows for the configuration of modules into different shapes (Figure 9). By providing
different arrangements and connections, user can customize the modules’ layout to fulfil their
specific needs. Whether creating a compact setup or an expansive arrangement, it is suitable
for various applications and environments.

Figure 9. Module Configuration
4.2 Method Impact on Furniture Design

Implementing Design for Disassembly into the product design process allows a product
and its components to be optimized for reuse and recycling once they have reached their end
of life. The table presented below aims to summarize how the methods discussed in the study
illustrating how they can be used as an effective tool for furniture design. This method not
only decrease the demand for new materials but also contributes to a more sustainable
approach to manufacturing by reducing the environmental impact. The numbers given in the
table represent the impact on the effectiveness and potential benefits of these methods.
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Table 2. DfD Impact on Furniture Design

DfD . . . Cost Manufacture Maintenance
Principals Applications - Reusability  Recyclability Efficiency Efficiency Efficiency
. Mahogany
Material
. Wood 3 3 3 1 2
Selection Waste
Fasteners Integrated
and Dovetail 3 1 3 1 1
connectors Joint
Product
Structure
Modular
and 3 3 3 1 3
Component Concept
Design

1 =Poor impact 2 = Good impact 3 = Big impact

When a product is designed with disassembly, it becomes significantly easier to repair and
maintain, resulting longer product life. Ease of maintenance not only benefits consumers by
providing longer-lasting products but also promotes a more sustainable approach. By
facilitating repairs and reuse, Design for Disassembly contributes to a reduction in the
environmental footprint of the furniture industry and opens a way to a more sustainable
industry.

5 Conclusion

Design for Disassembly is a method that focuses on creating products that makes them
easy to disassemble. The goal of DfD is to enhance resource efficiency and
manufacturing sustainability.

The primary aim of this paper is to support the current and future development in the
area of disassembly.

Design decisions concerning materials and connection methods directly influence the
product structure and component design.

Not every aspect of DfD principles can be applied to every design. Each principle may
present challenges that require a flexible solution, e.g. the production of furniture
modules that require to use wood adhesive.

Implementing DfD in furniture optimizes products for reuse and recycling at the end
of their life cycle.

It is beneficial to limit the number of components and component types used in the
design process. Simplifying the assembly and disassembly of furniture enhances the
efficiency and ease of recycling.

This approach significantly reduces the demand for new raw materials, promoting a
more sustainable use of resources.

Using this method can lead to lower production costs and increased efficiency,
benefiting manufacturers financially.
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Mobilya ve Ahsap Malzeme Arastirmalari Dergisi
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Kavak kaplamadan iiretilen tabakah kaplama kerestenin mekanik
ozellikleri tizerine rutubet iceriginin etkisinin degerlendirilmesi

Bilgehan Asena Senay Ilker'", Bekir Cihad Bal**

Oz: Ozellikle son yillarda meydana gelen depremlerden sonra, ahsap yapilara kars: ilgi
artmigtir. Ancak, ahsap yapilarda yiik tasiyan ahsap esasli elemanlarin ¢liriimeye, yangina ve
rutubete kars1 dayanimi bu ilgiyi etkilemektedir. Bu ¢alismada, kavak agacindan elde edilen
soyma kaplama ile tabakali kaplama kereste (TKK) iiretilmis ve malzemenin bazi mekanik
Ozellikleri farkli rutubet iceriklerinde incelenmistir. TKK tiretiminde Fenol Formaldehit (FF)
tutkal kullanilmistir. Uretilen malzeme 5 farkli rutubet ierigine sartlandirilmistir, ardindan
cesitli mekanik testlere tabi tutulmustur. Bu amag icin, Uretilen malzemenin bazi fiziksel
Ozelikleri (tam kuru yogunluk ve rutubet yiizdesi) ve mekanik 6zellikleri (egilme direnci,
egilmede elastikiyet modiilii, egilmede deformasyon, sertlik, vida tutma kapasitesi, ¢cekme-
makaslama direnci) belirlenmistir. Yapilan testler sonunda elde edilen bulgulara gore;
TKK’nin rutubet igerigi arttik¢a, egilme direnci, elastikiyet modiilii, sertlik degeri ve vida
tutma kapasitesi azalmis, buna karsi, egilmede deformasyon degeri artis gostermistir. Cekme-
makaslama direnci testi ile rutubet icerigi arasinda dogrusal bir iligki tespit edilememistir.

Anahtar kelimeler: Ahsap Malzeme, TKK, Kavak kaplama, Rutubet, Mekanik 6zellikler

Evaluation of the effect of moisture content on the mechanical properties of
laminated veneer lumber produced from poplar veneer

ABSTRACT: In recent years, particularly following major earthquakes, interest in wooden
structures has increased. However, the performance of the load-bearing wood-based elements
in wooden structures against decay, fire, and moisture affects this interest. In this study,
laminated veneer lumber (LVL) was produced with rotary cut veneer obtained from poplar
wood, and some mechanical properties of the material were examined at different moisture
contents. Phenol Formaldehyde (FF) glue was used in the production of LVL. The produced
material was conditioned to 5 different moisture contents and then subjected to various
mechanical tests. For this purpose, some physical properties (oven- dried density and moisture
percentage) and mechanical properties (bending strength, modulus of elasticity in bending,
deformation in bending, hardness, screw holding capacity, tensile-shear resistance) of the
produced material were determined. The test results showed that; as the moisture content of
the LVL increased, the bending strength, elastic modulus, hardness value and screw holding
capacity decreased, whereas the deformation value in bending increased. No linear
relationship was found between the tensile-shear strength test and moisture content.

Keywords: Wood Material, LVL, Poplar veneer, Moisture content, Mechanical properties
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1 Giris

Ahsap, tarih boyunca insaat ve miihendislik alanlarmmda 6nemli bir malzeme olmustur ve
modern ¢agda da siirdiiriilebilirlik anlayisinin artmastyla bu 6zelligini stirdiirmektedir. Dogal
bir malzeme olarak ahsap, ¢evre dostu, yenilenebilir, kolay islenebilen, estetik bir gérinime
sahip olan olmasi, yiiksek direng-yogunluk oranimna sahip olmasi ve biyolojik olarak dogada
kolay bozunabilir 6zelliklere sahip olup, bu 6zellikleri sayesinde insaat sektorlinde buyik bir
ilgi gormektedir (Bozkurt ve Erdin, 1997; Bal, 2016a). Ancak, dogal ahsabin, bir yap1
malzemesi olarak kullanilmasinda, bazi istenmeyen Ozellikleri de bulunmaktadir. Kolay
clirlimesi, dogal olarak olgiilerinin sinirli olmasi, kendinden kaynaklanan biiylime kusurlari
barindirmasi, budak olan bdlgelerinde mekanik dayaniminin diisiik olmasi, higroskopik bir
malzeme olmasi nedeniyle bulundugu ortama gore rutubet almasi veya vermesi, rutubet
icerigindeki degisimlerin hacmen 6lgiisiinii ve ayrica mekanik performansini degistirmesi gibi
istenmeyen 6zellikleri de bulunmaktadir (Bozkurt ve Erdin, 1997; Ors ve Keskin, 2001).

Masif ahsap malzemenin istenmeyen Ozelliklerinin bertaraf edilebilmesi igin g¢esitli
yontemler ile masif aga¢ malzemeden, yonga levha, lif levha, kontrplak, tutkallanmis tabakali
kereste, ¢apraz tabakali kereste, tabakali kaplama kereste (TKK), yonlendirilmis serit kereste
ve lamine serit kereste gibi miihendislik Uiriinii aga¢ malzemeler gelistirilmistir. Bu son ii¢
malzeme, ayn1 zamanda yapisal kompozit keresteler grubunun iyeleri olarak
smiflandirilmaktadir (Nelson, 1997; Guler, 2001; Berlung ve Rowell, 2005; Stark ve Cai,
2021). Yapisal kompozit keresteler, masif aga¢ malzemeye gore; daha biiyiik Olgiilerde
uretilebilmesi, kusurlarindan arindirilmis olmasi, c¢ilirimeye karst daha dayanikli olmasi,
biiyiime gerilmesi tasimamasi gibi, masif ahsaba gore Ustin mekanik 6zellikleri nedeniyle
tercih edilmektedir (Bal, 2021). Yapisal kompozit kerestelerin en 6nemli iiyesi TKK’dur.
TKK, yumusak agag tiirlerinden ve diisiik-orta yogunluklu (290-690 kg/m?®) agag tiirlerinden
uretilmektedir (Bal, 2016b; Ozarska, 1999).

TKK malzemenin mekanik 6zellikleri lzerine birgok c¢alisma gergeklestirilmistir. Farkli
agac tiirlerinden tiretilen TKK malzemenin egilme 6zellikleri ile yapisma performansi lizerine
(Carvalho ve ark., 2004; Aydin ve ark., 2004; Saviana ve ark., 2009; Kili¢ 2011; Bal ve
Bektas, 2012a; Bal, 2016a), dinamik egilme direnci iizerine arastirmalar yapilmistir
(Janowiak and Bukowski, 2000; Bao ve ark., 2001; Colak ve ark., 2007; Bal, 2016b). Ayrica,
TKK malzemenin mekanik 6zellikleri Gzerine guclendirme (Percgin ve Uzun, 2023; Atar ve
Mengeloglu, 2024) ve 1s1l islemin etkileri de arastirilmistir (Pergin ve Uzun, 2023; Pergin ve
Ulker, 2023; Cigdem ve Percin, 2023; Pergin, 2023).

TKK iiretiminde kullanilan soyma kaplama levhalar1 dogal 6zellikleri levha {iretim
stireclerinde fazla degistirilmedigi i¢in elde edilen TKK malzeme masif aga¢ malzemeye
yakin 6zellikler sergiler. Masif aga¢ malzemenin; teget, radyal ve enine yiizeylerinde ve bu
yonlerdeki 6zellikleri ylizeye gore nasil degisiyorsa, bu ii¢ temel yonde TKK malzemenin
ozellikleri de degisiklik gostermektedir. Bu nedenle, TKK malzeme iizerinde yapilan bilimsel
calismalarda TKK malzemenin kuvvet uygulanan ylzeye gore ozellikleri arastirilmigtir
(Carvalho ve ark., 2004; Bal, 2012a,b; Kilig, 2011; Kurt ve Cil, 2012). Baz1 ¢calismalarda ise,
TKK malzemenin sicak preste liretilmesi esnasinda pres parametrelerin iiretilen malzemenin
fiziksel ve mekanik bazi 6zellikleri lizerine etkisi arastirilmistir (Shukla ve Kamdem, 2008;
Kurt ve ark., 2011). Diger baz1 ¢aligmalarda ise, TKK malzemenin iiretiminde kullanilan
tutkalin, tiretilen malzemenin; fiziksel, mekanik veya diger teknolojik Ozellikleri (zerine
etkisi arastirilmistir (Shukla ve Kamdem, 2009; Bal ve Bektas, 20123a,b; Atar ve Mengeloglu,
2024).
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TKK malzeme Uzerine yapilan Onceki ¢alismalarda, bir¢ok farkli faktoriin, TKK
malzemenin yanma Ozellikleri, fiziksel 6zellikleri ve mekanik Ozellikleri Uzerine etkileri
arastirilmistir. Ancak, yazarlarin ulasabildigi kadariyla, kavak soyma kaplamalar1 ve fenol
formaldehit tutkali ile iretilen TKK malzemenin mekanik 0Ozellikleri (zerine rutubet
iceriginin etkisi arastirilmamistir. Bu noktadan hareketle, bu ¢alismanin amaci; rutubet
iceriginin TKK malzemenin mekanik 6zellikleri iizerine etkisinin arastirilmasidir.

2 Materyal ve Metot
2.1 Materyal
2.1.1 Soyma kaplamalar

Bu ¢aligmada, kavak (Populus sps.) tomruklarmdan soyma yontemi ile elde edilen 2.7 mm
kalinliktaki soyma kaplamalar kullanilmistir. Calismada kavak soyma kaplamalarin
kullanilma sebepleri; buharlama yapilmadan soyma yapilabilmesi, maliyetinin diger agac
tirlerine gore disik olmasi ve kontrplak sektoriinde fazla kullanilan agag¢ tiirlerinden
olmasidir.

Soyma kaplamalar, 6zel bir kontrplak fabrikasindan satin alma yolu ile temin edilmistir.
Temin edilen soyma kaplamalar dncelikle ¢calisma ortamina nakledilmis ve sonra 30 x 30 cm
(genislik x uzunluk) Olgiilerinde ebatlanmistir. Bu haliyle TKK levha iiretimine hazir hale
getirilmistir. Sonra oda sartlarinda kondisyonlanmistir. Kaplamalarm kusurlu, ¢liriik, budakli
olanlar1 TKK {iretiminde kullanilmamistir. TKK tiretiminde kullanilmadan 6nce gevsek yuz-
sik1 yiiz isaretlemesi yapilmistir. TKK levhalar iiretilirken tutkal gevsek yiizeye siirtilmiistiir.

2.1.2 Tutkal

Bu ¢alismada, tutkal olarak fenol formaldehit tutkali kullanilmistir. Suya ve ¢oziiciilere
kars1 son derece dayanikli (D4 grubu) olmasi, iyi yapisma direnci gostermesi, kolay
uygulanabilmesi, diisiik viskozite gdostermesi ve endiistriyel olarak iiretilen TKK levhalarin
iiretiminde bu tutkal kullanilmasi nedeniyle, ¢aligmada bu tutkal tercih edilmistir. Tutkal, 6zel
bir tutkal tireticisi firmadan temin edilmistir. Tutkal igerisine hi¢gbir dolgu veya katki maddesi
katilmamistir. Tutkal seyreltilmeden kullanilmistir. Tutkal bekletilmeden ve taze halde
kullanilmistir. Tutkal igerisine kiirlesmeyi hizlandirmak i¢in higbir madde eklenmemistir.

2.1.3 Levhalarin iiretilmesi

Kaplama levhalari, oncelikle 30 x 30 cm (genislik x uzunluk) 6lgiilerinde ebatlanmustir.
Daha sonra, her bir kaplama levhasmin gevsek yiizeyi belirlenmis ve isaretlenmistir. Her bir
TKK levhasmin tretilmesinde 8 kaplama levhasi kullanilmustir. Bu 8 kaplamasinin ilk dort
tanesi gevsek yiizeyleri levhanin orta tabakasma dogru diger 4 levha ise test yonde ve yine
gevsek yiizeyleri levhanin ortasma dogru, tutkallandiktan sonra, yerlestirilmistir Bu sekilde
yaparak, elde edilen levhalarin tam olarak simetrik olmas1 amaglanmistir. Ayrica, levhanimn alt
ve Ust ylizeylerindeki kaplamalarin siki yiizeyleri dis tarafa bakacak sekilde yerlesim
saglanmigtir.

Kaplama levhalarma tutkal bir firga ile siiriilmiistiir. Tutkal ortalama olarak 180+10 g/m?
olarak uygulanmugtir. Tutkal kaplama levhalarmm gevsek yiizeylerine siirilmistiir.
Kaplamalar tutkallandiktan sonra levha taslagi 2 adet pres sac1 arasma birakilip sicak prese
yerlestirilmistir. Sicak preste levha toplam 20 dakika siire ile 180 °C sicaklikta (pres plaka
sicakligl) preslenmistir. Preste toplam 5 ton (5.5 kg/cm?) basing uygulanmistir. Pres siiresi
sonunda levha presten ¢ikarilmis ve st tiste birakilip 1 hafta siire ile bekletilmistir (Sekil 1-a).
Denemelerde toplam 16 levha tiretilmistir.
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2.1.4 Test orneklerinin hazirlanmasi

Levhalar tiretildikten sonra, her bir levhanin kenar kisimlar1 6ncelikle temizlenmis ve daire
testerede kesilerek net Olgiilere getirilmistir. Daha sonra, her bir levhadan, her bir test icin 1
adet test ornegi kesilmistir. Boylece, her bir deney grubu igin 16 adet, 5 deney grubu igin
toplam 80 adet test 6rnegi kesilmistir (Sekil 1-b).

Sekil 1. Uretilen levhalarin presleme sonras1 goriintiisii (), test 6rneklerinin hazirlanmasi (b)

Her test Ornegi lizerine test grubu ve Ornek numarasi yazilmistir. Daha sonra, test
orneklerinin tamami etiivde kurutulmus ve tam kuru agirliklar1 kaydedilmistir. Boylece, deney
gruplarmin %0, %10, %20, %40 ve %130 seklinde 5 farkli rutubetteki agirliklarnin ne
olacagi hesaplanma ile belirlenmistir. Calismada deneme gruplar1 ve rutubet icerikleri Tablo
1°de verilmistir.

Tablo 1. Deneme gruplari, rutubet yiizdeleri ve tahmini rutubet sapmalar1

Grup No Grup 1 Grup 2 Grup 3 Grup 4 Grup 5

Rutubet ylizdesi %0+1 %10+1 %20+£2 %40+5 %130£10

2.1.5 Test orneklerinin rutubetlerinin ayarlanmasi

Caligmada, TKK test orneklerinin farkli rutubet seviyelerinde, mekanik 0Ozelliklerinde
meydana gelen degismelerin belirlenmesi amaglanmistir. Bu amag¢ i¢cin 5 farkli rutubet
seviyesinde deney gruplar1 olusturulmustur. Deney gruplarindan grup 1 (%0) test drnekleri,
etlivde kurutularak tam kuru (%0) rutubet haline getirilmistir. Grup 2 (%10) test 6rnekleri ise,
oda sartlarinda bekletilerek kondisyonlanmig ve %10+1 rutubet seviyesine getirilmistir. Grup
3 (%20+2) test ornekleri ise, test Ornekleri lizerine su spreyi sikilmig ve tahmini agirhiga
geldiklerinde, bu agirlik ile plastik poset igerisine birakilmis, bu halde 1 hafta bekletilmis ve
yiizeydeki rutubetin test Ornekleri i¢ kisimlarina difiizyon yoluyla dagilmasi saglanmaya
calisilmistir. Grup 4 (%40+5) test Ornekleri ise, su dolu bir kap igerisine batirilmis ve
cikarilinca agirhig tartilmistir. Hedeflenen agirlhiga geldiginde, bir poset icerisine birakilmus,
bu halde 1 hafta bekletilmis ve biinyesine aldigi suyun i¢ kisimlara diflizyon yoluyla
dagilmas1 saglanmaya calisilmistir. Grup 5 (%130£10) test ornekleri ise, su dolu bir kap
icerisine batirilmig ve yaklasik 1 hafta siire ile su icerisinde batik vaziyette bekletilmistir.
Sonra sudan ¢ikarilan test drneklerinin agirligi 6l¢iilmiis ve bu siire sonunda ki rutubetleri
hesaplanmistir. Bu hesaplanan rutubet yilizdeleri ise ilgili ¢izelgelerde verilmistir.
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2.2 Metot

TKK test orneklerinin yogunluk testi TS EN 323 (1999) numarali standartta belirtilen
esaslara gore yapilmistir. Testler i¢in, 20x50x50 mm (kalinlik x genislik x uzunluk) 6lcilerine
sahip, her grup i¢in 16 adet ve toplamda 80 adet numune hazirlanmistir. Bu hazirlanan
numunelerin en, boy ve yiikseklikleri +0,01 mm duyarlilikta dijital kumpas yardimi ile
Olclildiikten sonra hava kurusu agirliklar1 0,01 gr duyarhilikli hassas terazi yardimi ile
belirlenmistir. Yogunluk tayini, hassas terazide olgiilen agirligin, kumpasla 0Olctilen hacme
bdliinmesi ile hesaplanmistir.

TKK test drneklerinin rutubet tayini TS EN 322 (1999) standardinda belirtilen esaslara
gore yapilmistir. Rutubet tayini egilme direnci test drnekleri iizerinde yapilmustir. ilk olarak
test ornekleri, etivde 105 °C’de degismez agirliga ulasincaya kadar kurutulmus ve hassas
terazi ile tartilmistir. Sonra test ornekleri rutubetli hale getirilmis ve rutubetli agirliklar1 0,01
gr duyarl hassas terazide tartilmistir. Rutubet yuzdesi, test drneginin rutubetli haldeki agirligi
ile tam kuru haldeki agirlig1 arasindaki farkin, tam kuru agirliga boliinmesi ile belirlenmistir.
Rutubet icerigi yiizde olarak gdsterilmistir.

Calisma kapsaminda iiretilen TKK’lardan egilme testi test ornekleri hazirlanmistir. TKK
test ornekleri TS EN 310 standardina uygun olarak 3 nokta egilme direnci testine tabi
tutulmustur. Her grup icin 16 adet test 6rnegi 20x20x300 mm boyutlarinda hazirlanmstir.
Egilme direnci i¢in test hiz1 5 mm/dk, 6n yiikk 10 N, mesnet aras1 mesafe 240 mm olarak
ayarlanmistir. Elastikiyet modiilii, elastik bolgede, maksimum yiikiin %10 ile %40’ mn karsilik
gelen sehim noktalarina gore hesaplanmustir.

Tabakali kaplama kereste test 6rnekleri tizerinde vida tutma kapasitesi testi yapilmistir. Bu
test icin TS EN 13446 standardina uygun olarak anma ol¢iisii 20x50x50 mm (kalinlik x
geniglik x uzunluk) ebatlarinda, her grup icin 16 adet ve toplamda ise 80 adet test drnegi
hazirlanmistir. Vida tutma deneyi icin vidanin batma miktar1 ve agis1 ¢ok Onemlidir.
Numuneler hazirlanirken vidalarin ayni miktarda takilmasina ve 90° a¢i olmasma 6zen
gosterilmistir. Kullanilan vida ¢ap1 4 mm olup batma miktar1 20 mm’dir. Test hiz1 5 mm/dk
ve 0n yik 20 N olarak belirlenmistir.

Tabakal1 kaplama kerestenin ¢ekme-makaslama direncinin belirlenmesinde TS 3969 EN
314-1 (1998) ve TS 3969 EN 314-2 (1999) numarali standartlarda belirtilen esaslara
uyulmustur. Bu standartlara gore deney pargalarinin hazirlanmasi, deneyin yapilisi, hesaplama
ve sonuglarin gosterilmesi sirasiyla ve kisaca su sekildedir; her bir deney parcasi, ylizeydeki
tabakanin elyafi yoniinde kesilmis ve Olciileri; bigme uzunlugu L1: 25+5 mm, Bi¢me eni bl:
255 mm, Testere kesiginin eni b2: 2,5 - 4 mm kelepcelerin uzakligi L2: 50 mm olarak
ayarlanmistir. Deney Ornekleri, ait olduklari1 gruplarin nem igerigine ulastiktan sonra test
edilmistir. Cekme-makaslama direnci testi sonrasinda, test 6rneklerinin kopma yiizeylerinde
odun kirilmasi ve tutkal kirilmasi incelenmistir.

Test orneklerinin sertlik degeri TS 2479 numarali (1976) standarda goére belirlenmistir. Bu
standarda gore; test Ornegi, kenarlar1 20x50x50 mm &lgiilerinde hazirlanmistir. Denemeler
sadece teget yiizeyde (list yiizey) yapilmistir. 5 mm/dk hizla hareket eden yikleme ucu ile
deney parcasinin teget kesit yilizeylerinin merkez eksenleri lizerinde yarim kiire ucun
yaricapima (5.64 mm) esit olan derinlikte bir oyuk acilmistir. Bu derinlige ulasildig1 andaki
yiikk kaydedilmistir. Her bir deney parcasmin statik sertligi, deneyin yapildigi rutubet
miktarinda, alam 100 mmz’ye esit olan ve 5.64 mm derinlikte bir iz elde edebilmek igin,
gerekli yiik miktar1 N tiiriinden elde edilen maksimum kuvvetin 100 mm? alana boliinmesi ile
hesaplanmustir. Test sonucu N/mm? olarak gosterilmistir.
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3 Bulgular ve Tartisma

Denemelerde kullanilan fiziksel test o6rneklerinin tam kuru yogunluklar1 hesaplanmis ve
Tablo 2’de verilmistir. Bu tablo incelendiginde, gruplara ait test 6rneklerinin ortalama tam
kuru yogunluk degerlerinin 401 ile 411 kg/m® arasinda degistigi tespit edilmistir. Gruplarin
tam kuru yogunluk degerleri arasinda, ¢ok biiyiik farkliliklar yoktur. Bu durum, gruplarin
homojen gruplar oldugunun bir gostergesidir. Yapilan bu ¢alismada, tabakali kaplama kereste
malzemenin, mekanik 6zellikleri {izerine rutubetin etkisi arastirtlmistir. Yogunlugun etkisi,
bu ¢alisma kapsami digindadir. Bu nedenle, gruplar arasinda yogunluk farkliliginin olmamasi
calismadan elde edilen diger verilerin giivenilirligi bakimindan da 6nem arz etmektedir.
Gruplarin tam kuru yogunluk degerleri arasinda istatistiksel olarak bir farkliligin olup
olmadig1 yapilan ANOVA testi ile belirlenmistir. Gruplar arasindaki farkliligin istatistiksel
olarak 6nemsiz (NS) oldugu ve 6nem seviyesi degerinin (P) 0.05’den biiyiik oldugu (P> 0.05)
belirlenmistir. Aslinda, Tablo 2’deki verilere gore; gruplar arasinda kiiciik farkliliklar vardir,
ancak, bu farkliliklar istatistiksel olarak 6nemsizdir. Yapilan 6nceki ¢alismalarda, TKK’nin
yogunlugunun, mekanik o6zelliklerini etkiledigi, yogunlugu yiiksek olan TKK malzemeden
daha yiiksek mekanik ozellikler elde edildigi bildirilmistir (Bal, 2016a; Bal ve Bektas,
2012a,b).

Tablo 2. Test gruplarinin ortalama tam kuru yogunluk degerleri (ilker 2025)

Istatistik Gruplar

degerler Grup 1 Grup 2 Grup 3 Grup 4 Grup 5
X 410.8 401.7 409.0 404.0 411.4
SS 30.9 28.9 30.4 29.8 18.1

Laboratuvar ¢alismalar1 esnasinda, her mekanik 6zellik i¢in her gruba ait test 6rneklerinin
rutubetleri, mekanik testler yapildiktan sonra test 6rneginin rutubet yiizdesi hesaplanmistir.
Elde edilen veriler Tablo 3’te verilmistir. Tabloda verilen rutubet yiizdeleri incelendiginde,
calisma planlanirken hedeflenen rutubet yiizdelerine genel olarak ulasildig1 goriilebilir. Bu
caligmada, 5 farkli rutubet iceriginin tabakali kaplama kerestenin mekanik 6zellikleri Gzerine
etkisinin arastirilmasi planlanmistir. Caligmada grup 1 (%0) rutubet icerigine pratikte ulasmak
elbette zordur. Uzun siire kurutulsa dahi ahsap malzemede %0 rutubete ulasilmasi ¢ok zordur.
Ancak, bu ¢alismada %1 in altindaki rutubet igeriginde, tabakali kaplama kerestenin mekanik
ozellikleri ile diger gruplar arasindaki farki gorebilmek amaciyla grup 1 deneme gruplari
icerisine dahil edilmistir.

Tablo 3. Test 6rneklerinin rutubet yiizdeleri (ilker, 2025)

Gruplar (%)

(').\Q gﬁ?l?llekr Sé;gjg; Grup 1 Grup 2 Grup 3 Grup 4 Grup 5
Egilme direnci X 0.22 11.59 20.64 40.11 129.32
test ornekleri ss 0.06 0.95 1.72 3.64 10.86

Vida tutma X 0.42 11.95 20.54 40.05 138.44

direnct test ss 0.14 0.63 23 4.13 12.924
Janka sertlik X 0.37 11.78 21.14 38.42 134.88
test ornekleri ss 0.1 0.54 3.07 6.28 10.19

Yapisma X 0.42 10.88 21.68 38.52 135.2

direnci test

Srnekleri ss 0.06 0.44 1.77 3.61 7.7

X: aritmetik ortalama, ss: standart sapma
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TKK test 6rneklerinin egilme testleri yapilmis ve elde edilen egilme direnci testi bulgular
Tablo 4’te verilmistir. Bu tablo incelendiginde, test drneklerinin egilme direnci degerleri 31.5
ile 68.8 N/mm? araliginda 6lciildiigii goriilebilir. En biiyiik egilme direnci degeri grup 1°de ve
en kiiciik egilme direnci ise grup 5°te Olglilmistiir. Test Oorneginin rutubet igerigi arttikga
egilme direnci degeri de azalmistir. Tabakali kaplama kereste, masif aga¢ malzeme ve ahsap
esasli diger malzemelerde de rutubet igerigi egilme direncini etkilemektedir. Bu konuda
onceki ¢alismalarda benzer sonuglar rapor edilmistir (Bozkurt Erdin, 1997; Ors ve Keskin,
2001). Masif aga¢ malzemenin, egilme direncinin belirlenmesinde kullanilan TS 2474
(1976)’de standardinda da rutubetin egilme direnci lizerine etkisi belirtilmis ve masif agag
malzemenin rutubetinin %9 ile %15 araligin da bulunmasi halinde, rutubetteki her bir %1°lik
artigin, masif aga¢ malzemenin egilme direncinde %4’lik azalmaya sebep olacagi
bildirilmistir. Gruplarin birbirlerinden istatistiksel olarak onemli derecede (P<0.001) farkl
oldugu, yapilan ANOVA testi sonucglarina gore belirlenmistir.

Tablo 4. Egilme direnci testine ait bulgular (N/mm?) ve Duncan testi sonuglar: (Ilker 2025)

Egilme direnci Grup1 Grup 2 Grup 3 Grup 4 Grup 5
X 68.78 A 60.31B 57.18B 48.43C 31.58D
SS 10.04 8.69 6.60 5.91 3.21

Tabakali kaplama kerestenin egilme testi esnasinda elde edilen verilerle, her bir test
orneginin yiik-deformasyon egrisinde, maksimum kuvvetin %10 ve %40 noktalarinda 6l¢iilen
yuk-sehim miktarlar1 ile elastikiyet modiilii belirlenmistir. Elde edilen veriler Tablo 5’de
verilmistir. Bu ¢izelge incelendiginde, gruplarin elastikiyet modiilii degerlerinin 2326 ile 6044
N/mm? araliginda siralandig goriilebilir. Ayrica, yapilan Duncan testi sonucuna gére; gruplar
arasindan fark vardir. Denemeler sonunda elde edilen veriler ile gruplar arasinda farklilik olup
olmadigmi belirlemek i¢in tek faktorliit ANOVA testi yapilmis ve gruplar arasinda istatistiksel
olarak ileri diizeyde 6nemli (P<0.001) farklilik oldugu belirlenmistir.

Tablo 5. Elastikiyet modiilii testine ait bulgular (N/'mm?) ve Duncan testi sonuglar1 (Ilker 2025)

Elastikiyet moduli Grup 1 Grup 2 Grup 3 Grup 4 Grup 5
X 6044 A 3084 B 2741 C 2486 D 2326 D
ss 720 476 450 322 248

Tabakali kaplama kerestenin egilme testi esnasinda elde edilen verilerle, egilmede
deformasyon miktarlari da belirlenmistir. Bu bulgular Tablo 6’da verilmistir. Bu bulgular
incelendiginde, en kiiclik deformasyon degerinin grup 1°de ve en biiyilkk deformasyon
degerinin ise grup 5’de Ol¢iildiigli goriilebilir. Gruplar arasindaki farklar, Duncan testi
sonuglarina gore onemlidir. Bu testten elde edilen bulgular diger mekanik o6zelliklere gore
genel egilim olarak aksi yonde gerceklesmistir. Diger mekanik 6zellikler, gruplarm rutubet
icerigi arttikca azalma gostermis ancak egilmede deformasyon degeri ise artig gostermistir.
Aslinda bu durum, test 6rneginin rutubet igerigi arttik¢a, egilme kuvvetine kars1 malzemenin
kirilmadan tek parca olarak kalabilme kabiliyetini gostermektedir. Asagida verilen grafiklere
gore; yik-deformasyon grafigi altinda kalan alan ne kadar biyikse malzeme o kadar stinek
bir malzemedir. Bu bilgiye gore grup 5 test ornekleri diger gruplara daha siinektir. Egilmede
deformasyon miktarina ait bulgular arasinda fark olup-olmadigin1 gosteren ANOVA testine
gore, gruplar arasinda istatistiksel olarak ¢ok ileri diizeyde (P<0.001) fark oldugu tespit
edilmistir.
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Tablo 6. Egilmede deformasyon (mm) degerine ait bulgular ve Duncan testi (Ilker 2025)

Egilmede Deformasyon Grup1 Grup 2 Grup 3 Grup 4 Grup 5
X 6.2E 11.8D 139C 16.5B 223 A
SS 0.7 1.6 1.6 2.8 4.1

Egilme direnci testleri esnasinda elde edilen yuk-sehim verileri ile yik-sehim grafikleri
olusturulmus ve Sekil 2’te verilmistir. Bu grafikler incelendiginde, egilme testleri esnasinda,
test 6rneginin rutubeti arttikca, (grup 1’den grup 5’e¢ dogru) egilme testinde test Grneginin
daha uzun siire kirilmadan yiike karsi koyabildigi goriilebilir. Ancak, bunun zitt1 olarak
rutubet miktar1 azaldik¢a, ahsap malzemenin egilme yiikiine maruz kaldiginda kirilma
gerceklesmeden Once ¢ok az bir deformasyona dayanabildigi goriilebilir. Sekil 2°te verilen
grafikler incelendiginde, ayrica, gruplarin rutubet igerikleri arttifinda test Orneg§inin
tastyabildigi maksimum yiik miktarmin da azaldigi gériilebilir. Ornegin, grup 1’de test
orneklerinin tasiyabildigi maksimum yiik miktar1 1-2.4 kN araliginda degisirken, grup 5’de bu
yiik degeri 0.8 ile 1.1 kN arali§ina kadar diismiistiir. Masif ahsap malzeme veya ahsap esasli
kompozit malzemeler konusunda yapilan Onceki ¢alismalarda da benzer sonuglar rapor
edilmistir (Bozkurt ve Erdin, 1997; Ors ve Keskin, 2001; Hidir ve ark., 2024).

Test orneklerinin ¢cekme-makaslama (yapisma) testine ait veriler, Tablo 7°de verilmistir.
Bu veriler incelendiginde, gruplar arasinda farklarmn c¢ok kiiciik oldugu ve bazi gruplarin
aralarinda fark olmadigi belirlenmistir. Bu durum diger mekanik 6zelliklerden farkli olan bir
sonuctur. Bu mekanik testte bu sekilde sonug elde edilmesinin nedeninin, ¢ekme-makaslama
testine etki eden faktorler sadece odun oOzellikleri degil ayn1 zamanda tutkalin yapisma
performansidir. Yapilan gorsel muayenede, bu test esnasinda test Orneklerinin bazilarinda
tutkal hattinin bir kisminda ayrilma oldugu goriilmiistiir. Bu durumda, elde edilen verilerin
sadece rutubetin odun lizerine etkisi ile meydana geldigini sdylemek miimkiin degildir. Ayni
zamanda tutkal yapismasi da etkilenmistir. Gruplar arasinda ¢ekme-makaslama testi verilerine
gore anlamli bir fark olup olmadigit ANOVA testi ile arastirilmis ve bir fark olmadigi (NS)
tespit edilmistir.

Tablo 7. Cekme-makaslama direnci testine ait veriler ve Duncan testi sonuglari

Cekme-makaslama Direnci Gruplar (N/mm?)
Istatistik degerler Grup1 Grup 2 Grup 3 Grup 4 Grup 5
X 3.3A 3.6A 3.6A 3.3A 3.3A
SS 0.6 0.7 0.4 0.4 0.4

Laboratuvar denemelerinde, test Orneklerinin statik sertlik testi sonunda elde edilen
bulgular Tablo 8’de sunulmustur. Tablo incelendiginde, statik sertlik degerlerinin test
orneklerinin rutubet icerigi arttik¢a azaldig tespit edilmistir. Duncan testine gOre tim gruplar
arasindaki (grup 4 ile grup 5 hari¢) farklar anlamhidir.  Statik sertlik testi bulgularina gore,
test gruplar1 arasinda anlamli bir farklilik olup olmadigini belirlemek igcin ANOVA testi
yapilmis sonuglara gore, gruplar arasinda istatistiksel olarak ileri duzeyde (P<0.001)
farkliliklar oldugu tespit edilmistir.
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Sekil 2. Test 6rneklerinin yuk-sehim grafikleri (tum gruplar)

Tablo 8. Statik sertlik testi verileri ve Duncan testi sonuglar1 (ilker, 2025)

Sertlik testi (N/mm?) Grup1 Grup 2 Grup 3 Grup 4 Grup 5
X 31.7A 28.3B 23.1C 16.7D 15.4D
SS 6.2 4.8 4.9 2.6 1.4

Denemeler sonunda elde edilen vida tutma testine ait bulgular asagida Tablo 9°de
sunulmugtur. Tablo incelendiginde, test 6rneklerinin rutubet icerikleri arttiginda, vida tutma
kapasitesinin de azaldigi goriilebilir. Genel olarak tiim gruplar arasinda farklilik vardir.
Ancak, yapilan Duncan testine gore, grup 4 ile grup 5 arasindaki farklilik anlaml degildir.
Rutubet igerigi ile vida tutma kapasitesi arasindaki iliski zit ve dogrusaldir. Masif ahsap
malzeme ve ahsap esasli kompozit malzemelerin vida tutma kapasitesi lizerine yapilan 6nceki
calismalarda da benzer sonuglar rapor edilmistir. Vida tutma kapasitesi testi bulgularmda
gruplar arasinda istatistiksel olarak fark olup olmadigi ANOVA testi ile arastirilmistir. Elde
edilen verilere gore; gruplar arasinda istatistiksel olarak ileri diizeyde (P<0.001) bir farklilik

oldugu tespit edilmistir.

Tablo 9. Vida tutma testine ait veriler ve Duncan testi sonuglar1 (ilker, 2025)

Vida testi Grup 1 Grup 2 Grup 3 Grup 4 Grup 5
X 183 A 156B 122C 8.6D 8.4D
ss 1.9 3.8 1.9 1.0 0.8
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Elde edilen bulgulara gore; TKK gruplar1 arasindaki yogunluk farkliliklarinin sonucu
etkilemeyecek derece kiglUk oldugu tespit edilmistir. Bu durum, yapilan caligmada test
gruplar1 arasinda, test sonucunu etkileyebilecek diger farkliliklarin olmamasi bakimindan
onemlidir. Ciinkii, masif odun ve odun esasli kompozit malzemelerde yogunluk, mekanik
Ozellikler Gzerinde son derece 6nemli bir etkiye sahiptir. Bu konuda bazi arastirmacilar
tarafindan yapilan ¢aligmalarda test 6rneginin yogunlugunun mekanik 6zellikler {izerine etkisi
rapor edilmistir (Kollmann ve Cote, 1968; Bozkurt ve Erdin, 1997). Bu nedenle, yapilan
testler sonunda elde edilen farkliliklarin yogunluktan kaynaklanmadigini soyleyebiliriz. TKK
levhalarin tiretilmesinde kullanilan kavak kaplamalarin kusursuz, kalinlik olarak esit, budak
icermeyen ve mekanik performansi etkileyecek baskaca farkliliklarin olmamasina dikkat
edilmistir. Bdylece gruplar arasinda homojenlik saglanmistir. Bu verilere gore, TKK
malzemenin mekanik performansmin rutubet icerigi arttikga genel olarak azaldigini
sOyleyebiliriz. Ahsap esasli kompozit malzemeler lizerine yapilan bazi1 dnceki ¢caligmalarda da
benzer sonuglar elde edilmistir. Ornegin; ¢am keresteden iiretilen capraz tabakali kereste
(CTK) test orneklerinin rutubet iceriginin mekanik 6zellikler tizerine etkisi incelenmis ve
rutubetli 6rneklerin mekanik performansinin kuru test drneklerine gére daha diisiik oldugu
rapor edilmistir (Hidir ve ark., 2024). Lee ve ark., (2001) tarafindan yapilan ¢alismada ise,
TKK test orneklerinin rutubet icerigindeki kiiciik artig ile elastikiyet modiiliinde azalma
oldugunu bildirmiglerdir. Ladin kaplamalarindan iiretilen TKK levhalarin egilme 6zellikleri
iizerine rutubet igeriginin etkisi, Juciene ve ark., (2023) tarafindan incelenmis ve TKK
panellerin egilme dayanimi Ozelliklerine suyun etkisinin incelenmesi sirasinda, suyun
panellerin dayanimimi énemli 6l¢iide etkiledigi, kuru panelin dayanimiyla karsilastirildiginda
bir 1slatma c¢evriminden sonra %45'e, iki 1slatma cevriminden sonra ise neredeyse %52'ye
distiigii bulunmustur. Bizim yaptigimiz bu ¢alismaya benzer bir ¢alisma ise Hu ve Zue (2013)
tarafindan yapilmis ve Kavak TKK test orneklerinin egilme Ozellikleri iizerine rutubet
iceriginin etkisi arastirilmistir. Yapilan testler sonunda, rutubet artisindan TKK malzemenin
egilme direnci ve elastikiyet modiiliiniin onemli derecede etkilendigi belirlenmistir. Bizim
yaptigimiz ¢aligmadan elde ettigimiz ve onceki caligmalar sonunda elde edilen verilere gore,
TKK malzemenin rutubet iceriginin mekanik 6zellikler iizerine etkisi oldugu agiktir.

4 Sonuglar ve Oneriler

Bu ¢alismada; kavak agacmdan elde edilen soyma kaplamalar ve FF tutkali kullanilarak,
TKK levhalar: iiretilmistir. Uretilen levhalardan hazirlanan test ornekleri farkli rutubet
seviyelerine sartlandirilmistir. Toplam 5 farkli rutubet igeriginde (%0, %10, %20, %40 ve
%130) gruplar olusturulmustur. Bu rutubet iceriginde iken her grup icin mekanik testler
uygulanmistir. Elde edilen genel sonuglar su sekildedir;

e Denemeler sonunda, test orneklerinin egilme direncinin rutubet igerigi arttikca 6nemli
diizeyde azaldig1 belirlenmistir. Tam kuru hale gore yas haldeki test 6rneklerinin egilme
direnci %50 oraninda azalmistir.

e Test orneklerinin elastikiyet modiilii degerlerinin yine dnemli diizeyde azaldig: tespit
edilmigtir. Tam kuru test Orneklerine gore yas haldeki test Orneklerinin elastikiyet
moduli degerleri %70 civarinda azalmustir.

e Egilme testi sonunda elde edilen egilmede deformasyon degerleri ise rutubet igerigi
arttikca artig gostermistir. Egilmede deformasyon degeri, tam kuru test drneklerine gore
yas test orneklerinde yaklagik olarak 3.5 kat1 artis gostermistir.

e Cekme-makaslama testi verilerinde dogrusal bir iligki tespit edilememistir. Bunun
nedeninin bu testte etki eden faktorlin sadece test 6rneginin rutubet igerigi degil ayni
zamanda tutkal baginda meydana gelen azalma oldugu soylenebilir.
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o Statik sertlik testinde tam kuru test 6rneklerine gore yas haldeki test 6rneklerinin sertlik

degeri yaklasik olarak %50 azalmistir.

e Vida tutma kapasitesi testin de ise; yine rutubet iceriginin artmasma paralel olarak

diren¢ degerinde azalma meydana gelmistir.

Bundan sonra yapilacak ¢aligmalarda, farkli agag tiirlerinden elde edilen kaplamalar ve
farkl: tutkal tiirleri kullanilarak tiretilen TKK malzemenin performansi tizerine rutubetin etkisi
ve ayrica karbon elyaf veya cam elyaf ile giiclendirilmis TKK malzemenin performansi
iizerine rutubetin etkisinin arastirilmasi onerilir.
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Evaluation of color usage in modular children's room furniture in the last
25 years

Gizem Ozer Bag'*"), Eymen Tathhayat!

ABSTRACT: It is known that the use of furniture produced in a form and color suitable for
the child's development provides positive contributions to the child's fine motor capacity and
psychology. The main objective of this study is to analyze the transformations in children’s
room furniture design over the past 25 years. It was aimed to reveal the change in the use of
color in modular wooden products over years. Data were obtained using literature research,
examination of source data and comparative analysis methods. Following literature research
and examinations, children’'s room furniture designs created in the early 2000s, and furniture
designs created in 2025 were examined in terms of color use using the comparative analysis
method. In total, furniture designs from six companies were evaluated using paired visuals
targeting the same age group and functional purpose. It has been determined that more
prominent colors such as were used extensively in the children's room furniture designs
produced in the early 2000s, and in the following years, neutral colors and soft tones were
used extensively in modular furniture designs, with a predominance of white.

Keywords: Children's room design, Modular furniture, Color use in furniture

Modyler ¢ocuk odas1 mobilyalarinda son 25 yildaki renk kullaniminin
degerlendirilmesi

OZ: Cocugun gelisimine uygun olacak bi¢imde ve renkte iiretilen mobilyalarm kullaniminin
cocugun ince motor kapasitesine, bireysel gelisimine ve psikolojisine olumlu katkilar
sagladig1 bilinmektedir. Calisma kapsaminda ¢ocuk odasi mobilya tasarimlarinda yillar iginde
gerceklesen degisimlerin analiz edilmesi ana amag¢ olarak belirlenmistir. Bununla birlikte
modiiler ahsap iirtinlerde yillar iginde renk kullaniminda gerceklesen degisimi ortaya koymak
hedeflenmigtir. Literatiir arastirmalari, kaynak verilerinin incelenmesi ve karsilastirmali analiz
yontemleri kullanilarak veriler elde edilmistir.  Literatiir arastirmasi ve incelemelerin
ardindan, 2000’1i yillarin basinda olusturulmus ¢ocuk odas1 mobilya tasarimlar1 ve ¢aligmanin
gerceklestirildigi 2025 yilinda olusturulan mobilya tasarimlari, renk kullanimi agisindan
karsilastirmali analiz yontemi ile incelenmistir. Toplamda 6 farkli firmanin farkl tasarimlari,
ayni yas grubuna ve ayni1 amaca hizmet eden ikili gorseller lizerinden degerlendirilmistir.
Gergeklestirilen karsilastirmalar dogrultusunda 2000’1i yillarin basinda tiretilen ¢ocuk odasi
mobilyasi tasarimlarinda daha baskimn renklerin (mavi, sari, kirmizi, yesil, turuncu, pembe,
mor, lacivert gibi) yogun olarak kullanildigi, sonraki yillarda ise modiiler mobilya
tasarimlarinda beyaz agirlikli olmak {izere, dnceki orneklerde goriilmeyen, ndtr renklerin ve
yumusak tonlarin (bej, agik gri, vizon, agik yesil, acik mavi, acik pembe, krem gibi) yogun
olarak kullanildig1 tespit edilmistir.

Anahtar kelimeler: Cocuk odas1 tasarimi, Modiiler mobilya, Mobilyada renk kullanimi.
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1 Introduction

Furniture can be defined as a universally needed product enhancing life quality by serving
social, cultural, and functional human needs (Oz6zen, 2024). In parallel with this, furniture
designs suitable for children's ergonomics are also made. Nowadays, the increase in scientific
studies on child development and the more investigative attitude of parents regarding child
rearing are effective in shaping the modular children’s furniture sector. Previous studies on the
use of color in modular children's furniture have mostly been studied with analyzes based on
the current situation such as color preferences and color psychology. Uzun et al., (2017)
conducted a study on the colors of youth furniture to determine what the color preferences
were during the period in which the research was conducted. Zengin (2019) evaluated the
design criteria in modular youth furniture and did not determine the use of color as the main
issue. Jones et al., (2007), on the other hand, did not determine the color issue as the main
issue while examining gender differences in modular youth and children's furniture. There is
no study in the literature on the analysis of changing colors in modular children’s furniture
throughout the historical period.

Unlike previous studies, no analysis focusing on current preferences or trends has been
conducted on this subject. Unlike previous studies, the main purpose of the study is to
determine the change processes in the use of color in the production of modular children's
room furniture in the last 25 years. Other purposes are to examine the effects of studies and
literature research conducted in recent years on these color changes.

This study aims to examine the changes in color usage in modular children’s room
furniture over the past 25 years. It also aims to identify the relationship between these changes
and developments in child-centered design approaches. Additionally, it seeks to evaluate how
shifting aesthetic trends have changed furniture color choices.

2 Materials and Methods

Conducting research is essential to advance scientific knowledge and ensure evidence-
based understanding. Research constitutes a systematic and thorough investigation aimed at
generating new knowledge and understanding of a phenomenon (Ahuja, 2001). This study
was prepared considering the research concept as a basis. In this study, literature review,
source analysis and comparative analysis methods were used to examine the changes in color
use in children's furniture over the years. In the first stage, existing literature, academic
articles, sector reports and relevant publications on color use in children's furniture design
were meticulously scanned to create basic information and historical perspective on the
subject.

The data obtained from the literature review were systematically analyzed with the support
of reliable databases and academic archives. Both past and present sources were examined;
This approach enabled comparisons of color palettes, design trends, and applications across
distinct time periods in children’s furniture. The reliability of the study was ensured by
comprehensive scanning of the sources.

The method used at this stage is the comparative analysis method, which was first
developed by Ragin (1987) and found in the literature. Qualitative comparative analysis is a
technique that allows the systematic analysis of similarities and differences between situations
and cases (Ragin, 1987). The same researcher has published many articles on the subject over
the years. To define the method in general;to apply qualitative comparative analysis to
literature collected requires the act of reviewing each work with the goal to distinguish which

114



Ozer Basg ve Tatlihayat, Furniture and Wooden Material Research Journal, 8 (1), 113-128

causes are necessary and sufficient. This process is a systematic set of steps that should situate
attributes of findings into common categories, thereby yielding a typology (Onwuegbuzie,
Weinbaum, 2017). Broadly, qualitative comparative analysis is used as a theory-building
approach, wherein the analyst makes connections among categories that have been identified
previously, as well as to test and to develop these categories further (Miles & Weitzman,
1994).

|

DEFINING AND DETERMINING THE RESEARCH TOPIC

R 2

ESTABLISHING THE STUDY STAGES AND STARTING THE

RESEARCH

LITERATURE REVIEW

FIRST STAGE

SECOND STAGE

I BRINGING TOGETHER CURRENT AND PAST EXAMPLES ]

COMPARISON OF SAMPLES BY ANALOGY
(PRODUCT VARIENTY OF FURNITURES)

|

VISUAL ANALYSIS OF COMPARED EXAMPLES THROUGH
LITERATURE AND VISUAL FINDINGS AND ITEMIZATION OF
THESE ANALYSES

THIRD STAGE

Figure 1. Methodology of the research

The findings obtained were evaluated using the comparative analysis table. With this
analysis method, direct comparisons were made between the color preferences applied in the
past and current applications; Color intensity, distribution and trends are clearly demonstrated
(Figure 1). Thus, by systematically revealing the process of change and evolution over time,
objective results have been reached regarding the development of the use of color in children's
furniture. Early 2000s and current children’s room furniture designs were visually compared
by age group and consistent functional modules like cribs, wardrobes, beds, desks, and
bookcases to ensure standardized evaluation criteria. Thus, the study systematically compared
changes in the use of color in children’s room furniture designs over the past 25 years were
compared by obtaining more consistent results through furniture designs of the same
company, appealing to the same age group and containing the same functional modules. In
short, it may be possible to question the aims of the study in this direction:

e How has the use of color in modular children's bedroom furniture changed over the
last 25 years?

e How do the color trends that dominated children's furniture in the early 2000s
compare to 2025?

e Which trends are seen in color selection among large companies producing
modular children's furniture?

2.1 Furniture and user relationship

In interior design, the most important of user requirements are physical conditions. The
user's anthropometric measurements are the primary factor shaping the furniture. Then, color
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and material follow. Although furniture is not a vital necessity, it has always been important
for humanity in the place where it is used (Boyla, 2012).

Furniture constitutes an integral part of everyday human life. When viewed in terms of
adapting to daily life, it is necessary to understand the furniture in terms of the social life,
technology and art environment of the region and time it belongs to (Boyla, 2012).
Innovations have been seen in furniture design, especially in recent centuries. One of the main
reasons for this is the development of technology. However, durability, usability and
functionality have been important criteria for furniture. Meeting the needs of the user is
considered to be one of the important factors.

User needs, user-centered design is not only related to the functionality of the products.
The perception of any product by the user, the user's product experience and the spiritual bond
he will establish with the product are also included in this (McDonagh-Philp and Lebbon,
2000). User-centered design takes into consideration important issues such as age, gender,
social status, educational background, professional background and factors affecting product
usage expectations and demands. What is important for some people may be unimportant for
others. User-centered design includes a comprehensive research process on users'
expectations, from users' interaction with the product to their views on the product's function
and design (Zengin, 2019).

2.2  Stages of childhood

Like every period of life, childhood is one of the unchanging and natural parts of the life
cycle (Akylz, 2000). All individuals in childhood are protected by the United Nations
Declaration of the Rights of the Child. For the purposes of this Convention, child means any
human being under the age of eighteen unless the age of majority is earlier under the law
applicable to the child (Unicef, 1989). The definition of childhood is based on the ‘United
Nations Convention on the Rights of the Child (UNCRC)’, which defines a child as any
human being under the age of 18. This framework was used to categorize the design
comparisons according to developmental stages (0-6: early childhood, 7-12: middle
childhood, 13-18: late childhood/adolescence) (Unicef, 1989).

In parallel with the United Nations’ demographic classification of children; target markets
for modular furniture are grouped into three basic groups. These are preschool child (baby)
furniture (0-6 years old), youth room (7+ years old) furniture and parent furniture. However,
all this furniture can also be grouped under the title of “residential furniture” (Burdurlu et al,
2004). Children’s bedrooms require ergonomically distinct furniture, reflecting personal
identity and developmental needs within individualized spatial and functional arrangements.
By 16-24 months, children begin exploring surroundings via walking and climbing, requiring
safe environments despite limited independent play capabilities (Campos, 2009). Between
ages 3-16, children evolve from solitary play to complex socialization and autonomy,
prompting significant shifts in spatial, emotional, and cognitive needs aligned with
developmental and educational transitions (Campos, 2009).Since each age period has its own
characteristics from birth onwards, different needs arise not only in terms of social relations
and development, but also in terms of spatial structures. Regardless of these change processes,
spatial designs, objects, and furniture should be suitable for childhood in total. Correct
definitions and designs should be applied for these needs, which are different from those of
adults.
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2.3 Children's furniture

Every object or space that children come into contact with from infancy makes a
significant contribution to their development. For this reason, children's furniture should be
designed as specially designed objects or units that form a specific space (Salihoglu Aydin et
al., 2018). The child’s-built environment and furniture can provide children with some values
such as confidence, courage, success, belonging, freedom, usage or alternative thinking.
Together with these values, the child can discover himself and form his personality and
identity. For example, the use of color in the space sharpens the child's gender preferences,
ergonomic sizing gives the child a sense of freedom, and play spaces based on adventure and
creativity and containing rich stimuli allow children to discover their potential and boundaries
and define themselves (Salihoglu Aydin et al., 2018). The domestic studies on the color
design of children’s furniture indicate that the color of children’s furniture usually tends to be
lively and light warm colors (Lin & Yuriiovych, 2024). Having soft tones of furniture in the
spaces used by children increases their focus and creativity. For this reason, the use of soft
tones contributes positively to the development of children (lliev, 2021).

There are many product groups that children can use at home, outdoors or in educational
institutions. Modular children’'s furniture used in residences is the most basic product of
children's furniture requirements. Due to the diversification of these products and the
variability of forms, it can meet the growth needs of children for sustainable use.In particular,
modular design production as a systematic design method can shorten the product design
cycle, thus reaching more users.However, when examining the existing modular children's
furniture in the market, it was found that most of the products are only functional and ignore
the emotional needs of users such as intelligence and interest satisfaction during interaction
with the products. For this reason, conducting research in the field of modular children's
furniture will benefit children's development. This can also be considered as a social and
community contribution. Conducting research and studies on the design of modular children’s
furniture can also further improve product satisfaction. Apart from this, it can also offer a new
and effective discovery for modular children's furniture design (Ye at al., 2021). Children’s
room furniture must anthropometrically support physical development, autonomy, and safe
spatial interaction during early childhood’s formative home experiences. Children’s rooms
should include accessible, modular, and mobile storage units and essential furniture to support
autonomy, self-care, and developmental needs during early childhood’s dynamic growth
period (Demirarslan, 2019).

2.4 Modular children’s room furniture in the last 25 years

Comparative visuals were created to reveal the changes in color usage in children's room
furniture designs in the last 25 years. Since the design approaches of the companies may
differ from each other, the visuals used in the comparison were selected from the children's
room designs created by the same company in different years. Although the requirement to
have served in the modular children's furniture sector for at least 25 years reduced the number
of samples examined due to the comparison made on the same company, the limitations of the
study were not changed in order to obtain reliable data. The comparison was made on a total
of 20 children's room designs from 6 different companies. The children's room designs
offered for sale by the companies since the early 2000s were compared with the designs
currently sold by the same companies in 2025.

While determining the companies that will form the sample within the scope of the study,
two main criteria were taken into consideration. It was taken into consideration that the
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companies were large-scale companies operating in more than one country and that they had
been producing in the same field and with the same product groups since the beginning of the
2000s in order to be able to make comparisons between furniture designs. In addition, in order
to be able to make comparisons through visuals, it was another important factor that was
effective in determining the samples that the documents of the furniture designs of the
companies were accessible in the early 2000s.1n this comparison, the company names were
kept confidential and the companies were expressed by coding them with letters. In the
images, those marked with the letter a show the designs between the years 2000-2010, and
those marked with the letter b show the product designs of the year 2025.

— =

Figure 2. Examples of color usage in the baby room set of company A (a:Tasarim Publisher;
b: URL 1, 2025)

Baby room furniture also includes parental use, especially since the child does not have the
opportunity to use it in early infancy. In the modular children's furniture example shown in
Figure 2, it is seen that the company produces the furniture with functionally the same parts,
but there is a radical change in the use of color .

Figure 3. Examples of color usage in the children's room set of company A (a: Tasarim
Publisher; b: URL 2, 2025)

In children's room furniture, it is not ergonomically possible to use the furniture used for the
baby in later years. In this direction, different modules are produced for the 6+ age group in
the modular furniture production. For example, the protected small bed is replaced by a single
bed in the production for this age group (Figure 3). Bunk bed children's room designs, which
are frequently used in children's rooms for use by more than one child, increase space usage
performance (Figure 4).

Figure 4. Color usage examples of bunk bed children's room set of company A (a: Tasarim
Publisher; b: URL 3, 2025)
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Figure 5. Examples of color usage in the children's room set of company A (a: Tasarim
Publisher; b: URL 4, 2025)

Examples of side-protected beds or corners with soft, circular forms are mostly produced
for early childhood periods (Figure 5).

Figure 6. Color usage examples of bunk bed children's room set of company A (a: Tasarim
Publisher; b: URL 5, 2025)

These models, which increase space utilization, can also be produced in stacked models
and with narrow stairs (Figure 6).

Figure 7. Examples of color usage in the children's room set of company A (a: Tasarim
Publisher; b: URL 6, 2025)

There are no examples of the use of red, which is a very active color, in recent years.
However, the use of this active color is seen in the 2000s. In modular furniture, this type of
color use is seen in most of the examples where it is determined that it remains fixed with
elements such as covers or headboards and is not used on the body (Figure 7).

As previously stated in the literature research, early children's need for their own indoor
space is a necessity for creativity and expression. Although there are great changes in the
colors of the furniture, the modular production of low bunk beds (high beds) for early
childhood did not show significant differences in terms of functionality (Figure 8).
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. / N 2
Figure 9. Examples of color usage in the children's room set of company A (a: Great Ideas for
Kids Rooms, Parragon Publishing; b: URL 8, 2025)

While modular youth rooms with the same functions and parts were produced with a
clearly sexist approach in the early 2000s, today's examples do not have any sexist colors or
models (Figure 9).

Figure 10. Examples of color usage in the baby room set of company B (a: Tasarim
Publisher; b: URL 9, 2025)

Crowning protected beds with a mosquito net in baby room furniture is one of the few
design elements that does not change (Figure 10).
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Figure 11. Examples of color usage in the children's room set of company B (a: Tasarim
Publisher; b: URL 10, 2025)
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Although the use of white color was almost never seen in the 2000s, the most dominant
color in recent years is white in many examples (Figure 11).

o| 1§ |#
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Figure 12. Examples of color usage in the children's room set of company B (a: Tasarim
Publisher; b: URL 11, 2025)

The striking colour use of late childhood furniture in the 2000s has given way to simplicity
in today's furniture, as in other examples. It is seen that this situation is not limited to
furniture, and even the colours used in wall paints are preferred in more neutral and pastel
tones today (Figure 12).

Figure 13. Examples of color usage in the children's room set of company C (a: Tasarim
Publisher; b: URL 12, 2025)

Movable modules and intricate design examples can be encountered in children's room
furniture designed in the 2000s. In contrast, in furniture created today, simplicity is preferred
in terms of functionality as well as in the use of color (Figure 13).
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Figure 14. Examples of color usage in the children's room set of company C (a: Tasarim
Publisher; b: URL 13, 2025)

Design examples where the headboard is evaluated as a whole with units serving different
purposes such as tables, cabinets and shelves can be seen today, as they were in the 2000s.
However, despite the design similarities, there has been a major change in the use of color
(Figure 14).
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Figure 15. Examples of color usage in the children's room set of company D (a: Tasarim
Publisher; b: URL 14, 2025)

Examples of children's room furniture designs, where the room interior is used more
systematically and define more private space for children, can be seen today, as they were in
the 2000s. However, in terms of color usage, it is seen that simpler colors such as white,
beige, and cream are preferred instead of vibrant primary colors (Figure 15).

Figure 16. Examples of color usage in the children's room set of company D (a: Tasarim
Publisher; b: URL 15, 2025)

In children's room furniture designed in the 2000s, examples of more than one primary
color being used together in the same module can be seen. In today's designs, it is seen that
pastel tones of colors are preferred even if a second color is used next to a neutral color
(Figure 16).

Figure 17. Examples of color usage in the children's room set of company D (a: Tasarim
Publisher; b: URL 16, 2025)

In our children's room furniture designs, examples are seen where wood texture is included
in the design as well as neutral and pastel tones. However, it is seen that the wood colors used
here are preferred in light soft tones rather than dark tones (Figure 17). Today, Montessori
beds, which are produced as an alternative to cribs, are widely used in baby room furniture
designs. These beds also allow children to use their beds on their own in later years. The
simplification in colors is striking (Figure 18).
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Figure 18. Examples of color usage in the baby room set of company E (a: Tasarim
Publisher; b: URL 17, 2025)

Figure 19. Examples of color usage in the children's room set of company E (a: Tasarim
Publisher; b: URL 18, 2025)

While primary colors were used extensively in late childhood children's room furniture
designs in the 2000s, neutral colors are preferred in today's designs in order to appeal to more
general taste criteria (Figure 19).

Figure 20. Examples of color usage in the children's room set of company F (a: Tasarim
Publisher; b: URL 19, 2025)

In the designs created in the late childhood children's room furniture in the 2000s, it is seen
that wood texture with dominant tones was used as well as vibrant tones. In today's furniture
designs, it is seen that completely plain neutral colors are preferred (Figure 20).

Figure 21. Examples of color usage in the children's room set of company F (a: Tasarim
Publisher; b: URL 20, 2025)
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Although the desks and bookcases, which are the working units in children's room
furniture, have not changed in terms of functionality, there are differences between the
designs of the 2000s and today in terms of the use of color. Today, the preferred colors as
alternatives to white are beige, cream, light gray (Figure 21).

3  Findings and Discussion

Within the scope of the research, modular children's room furniture produced in the early
2000s and modular children's room furniture currently in production in 2025, when the study
was conducted, were compared based on user-oriented models, primarily in terms of color
use. The companies included in the research were selected from companies operating in
Turkey and different countries of the world. In order to obtain reliable data as a result of the
comparison, the visual of the children's room set offered for sale by the same company since
the early 2000s and the visual of the children's room set on sale in 2025 were used. No
comparisons were made between different companies. In the study where a total of 6
companies' children's room furniture designs were evaluated within themselves, 8 designs
belonging to company A, 3 designs belonging to company B, 2 designs belonging to company
C, 3 designs belonging to company D, 2 designs belonging to company E and 2 designs
belonging to company F were compared. The children's room designs of the companies
between 2000-2010 and the children's room designs in 2025 were compared in the form of
binary images by obtaining 20 shapes from a total of 40 images.

When the children's room furniture designs were examined in terms of color use in the 20
comparisons made on the companies, it was seen that the companies used colors such as red,
blue, yellow, pink, orange, green, purple, and navy blue intensively in their designs in the
early 2000s. It is also striking that the colors were used not with their subtones but with their
main tones (Figure 22). In contrast, it is seen that colors were used quite a lot, not as eye-
catching design elements in small sections of the furniture, but rather in a way that covered
the vast majority of the furniture surfaces. In fact, this multi-colorfulness is not limited to
furniture alone, but also appears on the walls of the rooms, auxiliary elements, and
accessories.

Another striking issue in the comparison is that colors were used with a sexist approach in
some of the children's room furniture designs made in the early 2000s. While blue and yellow
colors are predominantly used in furniture designed for boys, pink, purple, and red colors are
predominantly used in furniture produced for girls.
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Figure 22. Colors used in children's room furniture in the early 2000s, obtained from
company catalog images

When the use of colors in children's room furniture designs that companies will continue to
produce and sell in 2025 is examined, it is seen that the use of colors such as red, blue,
yellow, pink, orange, green, and purple in main tones has decreased to almost zero. It is
striking that the vast majority of furniture is designed in more neutral colors such as white,
cream, beige, light gray, and mink. When we look at the colors used in some designs, it is
seen that softer pastel tones are preferred, and the dominance of colors and the intensity of use
are reduced (Figure 23).
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Figure 23. Colors used in children's room furniture in 2025, obtained from company catalog
images

It is seen that dominant colors are used as design elements in small sections of furniture, in
auxiliary elements and accessories, and thus a visual balance is achieved. It is also noteworthy
that the gendered approach to color usage in today's children's room designs has decreased
and colors are not separated according to girls and boys.

In order to examine the colors, sample sets were selected from similar products and
designs. Although this selection created a very limited area of examination, a study was
conducted in which the color, not the form, was examined. Within the similarities in the
design form, the transformation in the context of color and aesthetics was interpreted together
with the functional continuity of modular children's furniture.

* It was determined that the colors used in furniture produced in the early 2000s and the
colors used in furniture produced in 2025 differed significantly. The factors affecting this
difference are periodic changes in design approaches, technological changes based on
production, and pedagogical approaches carried out on children. Approaches in the literature
have also differed in the last 25 years regarding the psychological effects of colors on
children.

* When the findings obtained as a result of the study were examined, it was seen that in the
children's room furniture designs produced in the early 2000s, colors such as blue, red,
yellow, green, orange, pink, purple, and navy blue were used intensively in their main tones.

* When the children's room furniture designs produced in 2025 were examined, it was seen
that colors such as white, cream, beige, light gray, and mink were used intensively in the
furniture. It is noteworthy that in furniture where colors are used, colors are used in softer
tones rather than dominant tones.

* In the early 2000s, examples of modular children's furniture that were clearly separated as
girls and boys not only in terms of color but also in terms of form with a gendered approach
have completely disappeared. Instead, in today's examples, examples that do not contain any
gender expression are used in both color and form. In addition, this also facilitates streamlined
production processes for manufacturers.

* Transition from Aesthetics to Function: It has been determined that the use of color is no
longer just an aesthetic element, but has become a functional component that supports child
development.

* Continuity of the Modular Structure: Despite the change in colors, it has been observed
that the formal differences in modular furniture forms (bunk beds, high beds, etc.) are limited
and the functional structure is preserved.

* Evolution of User Preferences: The findings show that users (especially parents) care
more about criteria such as aesthetic simplicity, timelessness and genderlessness.

* Consistency with Literature: The findings are directly related to the increasing research
focused on pedagogical design, attention management and child psychology in recent years.
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» Commercial Compliance and Mass Production: Increasing color standardization reduces
production costs for manufacturers and can make it easier for products to appeal to a wide
range of users.

* Potential for Interdisciplinary Contributions: This research points out that in the design of
children's room furniture, collaboration should be made not only with architecture and design
but also with fields such as child development, psychology and educational sciences.

» Compliance with Pedagogical Data: This transformation in color choices coincides with
current scientific research that supports children's attention, emotion and behavioral
development.

4 Conclusion

e In 25 years, children’s furniture colors shifted from vibrant primaries to neutral tones,
reflecting evolving aesthetic, scientific, and pedagogical perspectives on child
development.

e One of the important changes, the use of color, was tried to be determined by keeping
other factors constant in the modular children's furniture that constitutes the subject of
the study. The following results were obtained in this study conducted on the use of
colors in children's room furniture designs in the last 25 years.

e Another factor affecting this preference is the flexible space concept that can be updated
over time. Since children change rapidly in a short time, their needs and taste criteria
change over time. It is easier to add new modules to a children's room furniture created
in colors such as white, cream, beige, gray in line with the needs over time, without
disrupting the aesthetics. In addition, a children's room where these colors are preferred
ensures that the products can be used for many more years in terms of still being able to
respond to the changing taste criteria of the child over time. It can be stated that this
color approach that supports sustainability has shown positive changes in modular
children's furniture in recent years with scientific research and user preferences.
However, when looked at as a whole, the research concluded that, due to all the reasons
mentioned, children's room furniture designs using neutral colors are produced more
and preferred by users more today.

¢ In conclusion, the change in color usage observed in modular children's furniture is not
only an aesthetic transformation; it is also a holistic reflection of pedagogical, cultural
and functional factors. These findings point to the importance of prioritizing child
development-centered, sensory-balanced and sustainable approaches in future furniture
designs.
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Mobilya tasariminda “esinlenme”- “tarihsel aktarim”- “yenilik” iliskisinin
retrospektif-prospektif bir calisma iizerinden degerlendirilmesi

Ismail Bezci**(, Vildan Dundar Tiirkkan®, Giilcin Cankiz Elibol*

OZ: Calisma, mobilya tasariminda tarihsel siire¢ verilerinin, esinlenme asamasinda ne sekilde
kullanilabilecegine yonelik bazi oOneriler sunmayir amaclamaktadwr. Bu amagla, oncelikle
esinlenme konusu genel olarak ele alinmis; yenilik ile olan iligkisi temel cercevede
tartisilmistir. Mobilya 6zelinde, ge¢mis verilerinin, donemler boyu cesitli sekillerde mevcut
donemlere aktarildigi goriilmektedir. Bu aktarimin gerek bigimsel gerekse anlamsal olabildigi
sOylenebilecektir. Bu makale, s6z konusu tarihsel unsurlarin, birer esinlenme nesnesi olarak
alimdig1 ve benzer genetik kodlar1 iceren “yeni” tasarimlarin ortaya kondugu bir ¢alismanin
analizini sunmaktadir. Bu kapsamda yapilan analizde, tarihsel siire¢ verilerinin, mobilya
tasarimlar1 lizerinden ne sekilde okundugu; tanimlama sifatlarinin ne sekilde belirlendigi; bu
mobilyalarin birer esin kaynagi olarak oynadiklari roller; tanimlama sifatlarmin ortaya
konacak yeni mobilyalarda ne sekilde yer aldigi ve sonug iirlinlerin bigimsel ve anlamsal
verileri degerlendirilmistir. Retrospektif verilere dayali prospektif bir yaklasim sunan bu
analizin, mobilya tasariminda, 6zii anlama ve yorumlama konusunda yeni bir bakis agis1
saglamas1 beklenmektedir.

Anahtar kelimeler: Mobilya, Tasarim, Mobilya tarihi, Esinlenme, Yenilik

Evaluation of the relationship between “inspiration”-“historical transfer”-
“novelty” in furniture design through a retrospective-prospective study

ABSTRACT: The study aims to provide some suggestions on how the historical data may be
used in the inspiration phase of furniture design. For this purpose, firstly, inspiration, as an
aspect, is discussed in general and its relationship with novelty is discussed basically. In
furniture field, it is seen that past data are transferred to the current periods in various ways
throughout the periods. It can be said that this transfer can be either formal or semantic. This
article presents the analysis of a study in which these historical elements are taken as objects
of inspiration and ‘new’ designs containing similar genetic codes are put forward. In this
context, the analyses evaluate how those historical data are read through furniture designs;
how the defining adjectives are determined; the roles played by this furniture as sources of
inspiration; how the defining adjectives are included in the newly designed furniture and the
formal and semantic data of the final products. This analysis, which presents a prospective
approach based on retrospective data, is expected to provide a new perspective on
understanding and interpreting the essence of a design.

Keywords: Furniture, Design, Furniture history, Inspiration, Novelty
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1 Giris

Kalfaoglu Hatipoglu ve Kog¢ Aytekin (2020)’e gore, slirdiiriilmek istenen 0zili, zamana ait
islubu ve tasarim kararlarini anlamak ve anlamlandirmak igin kodlarin analiz edilmesi
gerekmektedir. Tasarimda 6ziin siirdiiriilebilmesi i¢in bu kodlarin dogru sekilde anlagilmasi
ve uygulanmasi onem arz etmektedir. Dogrudan ve dolayli olmak iizere iki tipi olan bu
sistemde, dolayli anlatim, soyut anlati1 igeren kodlari, yani 6z ve anlama iliskin degerleri,

dogrudan anlatim ise bigimsel olgular1 ifade etmektedir (Kalfaoglu Hatipoglu ve Kog
Aytekin, 2020: 1679-1683).

D1s ortamdan alinan gorsel ve kavramsal verilerin tiimii tasarimcinin esin kaynaklar1 olarak
tanimlanabilecektir. Bu veriler, tasarimcmin kisisel 6zellikleri ve deneyimleri dogrultusunda
zihinde islenerek yaratici fikirlere doniisebilecektir (Giirclim ve Kartal, 2021: 546). Bu da
esinlenmenin tasarlama siirecinin baslangi¢ noktasi olarak ¢ok dnemli bir yere sahip oldugunu
gOstermektedir. Tasarimci, esinlendigi kavramdan, olgudan, hikdyeden yola ¢ikarak 6zgiin,
kendisini anlatan ve katma degeri olan eser, iiriin veya koleksiyon ortaya koymak i¢in esin
kaynagmin ya da drnek olayin baglammi, kavramsal cercevesini ve igerigini arastirmak ve
tasarima ulasmak durumundadir (Giirciim ve Cifte¢i, 2017: 2).

Esinlenme, tasarimda yer alan fikir kaynaklarmin spesifik kullanimlar1 i¢in belirli terimler
sunmaktadir. Bunlar, baglangi¢ tasarim (yeni bir tasarim olusturmak {izere gelistirilen bir
tasarim); Ornek (yeni tasarimlara ilham veren mevcut yapilar vb); yeniden kullanim (mevcut
bir bilesenin yeni bir igerikte kullanilmasi); model (bir ¢6zliim ilkesi sunulmasi) ve birincil
tiretici (tasarmmi sekillendiren problemin agik ve net bir 6zelligi) olarak belirtilebilir (Eckert
ve Stacey, 2000: 524).

“Tasarim kavrami esas olarak son tiriintin gorselligini olusturmada etkinken, esin kaynagi
tasarimin baglangi¢ noktasinda ve tasarimin bilissel pek ¢ok aminda onemli algisal ve
kavramsal bilgiler ortaya koyan bir kaynak olarak gérev yapmaktadir. Esin kaynagindan
transfer edilen tasarum verisi yaraticthgin da etkisiyle tasarimciyr sinirsiz yaratimlara
tasirken, tasarim konsepti tasarimcimin ¢izilen c¢erceveden uzaklasmamasi icin adeta bir
uyarict gorevi gormektedir.” (Gurcim ve Kartal, 2021: 550).

Esin kaynag, tarihsel siiregten herhangi bir olusum, bir sanat eseri, bir kavram veyahut
tasarim eylemini tetikleyecek herhangi bir unsur olabilecektir. Buradaki en onemli ayrim,
esinlenmenin kesinlikle bir kopyalama, bir taklit araci olmadigmin; yeni tasarimlara yon
verebilecek bir ¢ikis noktasi olabileceginin algilanmasidir. Bu siiregte, bir¢ok farkli sanat dali
arasinda neredeyse tiim donemlerde etkilenmelerin ve esinlenmelerin oldugu gézlenmektedir.
Bu etkilenme kimi zaman tek yonlii, kimi zaman ise karsilikli bir etkilesim seklinde
olabilmektedir (Elibol ve ark., 2019: 154).

Ornegin; Giirciim ve Ciftci (2017)’ye ait bir ¢alismada, Barok iislubu, tekstil tasarimimnda
esin kaynagi olarak belirlenmis; ortaya konan sonug tasarimlarda bu Usluba ait gerek soyut
gerekse somut niteliklerin yansitilmasi gerektigi, s6z konusu niteliklerin tanimlanmasiyla
birlikte vurgulanmustir. Bir baska calismada (Ozkan ve Oztiirk, 2023), ikonik mobilya
tasarimlar1 tarihsel analiz, tasarim yOniinden analiz ve etki analizlerine konu edilmis;
modernizmin bir akim olarak mobilya tasarimlar1 lizerindeki etkileri incelenmistir. Mobilya
tasariminda ge¢mise duyulan ilgi ise bir bagka calismada (Yararel Dogan ve ark., 2022) ele
alinmig; bulgular genel olarak degerlendirildiginde, cinsiyet ve yas degiskeninden bagimsiz
olarak, bireylerin gegmise 6zlem duydugu yorumuna varilmistir. Elde edilen bulgularin, retro
mobilya iiretimi yapan markalar tarafindan dikkat cekici bir pazarlama unsuru olarak
kullanabilecegi de belirtilmistir (Yararel Dogan ve ark., 2022: 591).
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Corbacioglu (2022)’na gore liriinler, mesaj ve anlam tasiyici olma ozellikleri araciligiyla,
birer iletisim araci olarak goriilmektedir. Uriin kendi ekosistemi iginde anlam iiretmektedir.
Tasarimcilar, kullanicilar, kiilttr, cevre, gorsel 6geler, malzemeler, renk gibi girdiler de anlam
olusum siirecine etki etmektedir ve her iiriin bir anlam tasiyicidir. Uriinler insanlarla,
kiiltiirlerle farkli anlamlar kazanmakta, degismekte ve gelistirilmektedir (Corbacioglu, 2022:
752, 758). Can ve Giirpmar (2021)’e gore, bu baglamdaki kilometre taglari, yalnizca belirli bir
donemi tanimlamakla kalmaz, ayn1 zamanda bir¢ok katmanlagsmig baglamda mobilya tasarimi
alanindaki operasyonel, ideolojik, teknolojik, morfolojik degisiklikleri de temsil eder.

Ultav ve ark., (2021)’na gore; bir {irliniin materyalligi konusunda inceleme yapmak,
tasarim tarihinin, ekonomik, kiiltiirel ve toplumsal gelismelerle baglantili olarak okunmasina
izin vermektedir. Bu baglamda, Ultav ve ark., (2021), bir mobilya parg¢asinin malzeme
niteliklerini anlamann, sadece formlara veya stillere degil, ayn1 zamanda kiiltiirel tiretimlere
de dayali sonuglar1 ortaya koydugunu belirtmektedir.

Bu noktada gerek islevsel, gerek kilturel, gerekse bigimsel yon barindiran bir iiriin olan
mobilya, temel islevlerinin yaninda, “anlam” tasima konusunda da neredeyse tiim donemlerde
onemli gorevler tistlenmis bir {iriin olarak karsimiza ¢ikmaktadir.

Gilintimiizde ise rekabet artisiyla birlikte, isletmelerin varliklarini siirdiirebilmeleri i¢in
stirekli olarak yeni ve gekici triinler tasarlamalari ve gelistirmeleri ihtiyact dogmustur.
Dolayisiyla, gorsel olarak daha fazla ilgi ¢eken ve tiiketicilerin talep edebilecegi mobilyalarin
tasarlanmasi, tasarimcilar ve ireticiler i¢in 6nemli bir giindem konusu durumundadir (Goktas
ve ark., 2024: 205). Zira yenidinya diizeni ve tilketim anlayisi, treticiyi buna
zorlayabilmektedir. Ancak tasarimda, ilgi cekmenin 6tesinde kaygilar da barinmaktadir. Yeni
bir tasarim ortaya konurken gozetilen tutarlilik ve kuvvetli kavramsal alt yap1 gibi etkenler,
ortaya konan iirliniin salt satis degil, bir kiiltiir nesnesi olarak da nitelendirilebilmesini
saglayabilecektir.

Mobilya, tasarim 06zelinde ele alindiginda, tasarim girdilerinin, islevsel, bigimsel ve
anlamsal yonde olabildigi goriilmektedir. Bu girdilerin her biri bir digerini de etkileyebilecek
nitelikte ve dnemdedir. Ancak her tasarimda, bu girdilerin, 6gelere esit agirlikta ve etkide
yansimasi s0z konusu olmamaktadir. Kimi tasarimlarda islevsel yon 6n planda tutulurken;
kimi tasarmmlarin igermesi ongoriilen ve aktarmasi beklenen anlam, bir manifesto niteliginde
disa yansiyabilmektedir. Tarihsel sure¢, bu i¢ unsurun dinamik dengesini; hatta kimi zaman
tek yone kayan baskmligini yansitan bir¢ok Ornege sahiptir. Her biri ayr1 degerde olan bu
tasarimlardan bazilar1 ise bu ¢alismada ele alinan uygulamanin ¢ikis noktasi, esin kaynagi
konumundadir.

Calisma bu yoniiyle retrospektif bir yol izlemektedir; bir baska anlatimla tarihsel siireg
icerisinde geriye doniik bir bakis sunmaktadir. Tasarmm literatirinde bu yoénde kimi
calismalarin (Dogan, 2015) bulundugu goriilmektedir. Retrospektif caligmalar betimleyici
veya analitik olabilmektedir (Talari ve Goyal, 2020: 398). Calisma, bu baglamda, betimleyici
retrospektif bir arastirma niteligindedir. Ozhan Caparlar ve Dénmez (2016)’e gére, bilimsel
arastirmalar, veri toplama tekniklerine gore, nedensellik iliskilerine gore, zamanla iligkisine
gore ve uygulandigi ortama gore siniflandirilabilmektedir. Zamanla iligkisine gore yapilmasi
ongoriilen siniflandirma ise retrospektif, prospektif ve kesitsel olmak tzere (¢ kategoride yer
almaktadir. Bu caligmaya bu baglamda bakildiginda ise ¢aligmanin, gerek ge¢mise yonelik
analizler ve betimlemeler igermesi, gerekse gelecege yonelik sentezler sunmast bakimindan
her iki unsuru da barindirdigi goriilmektedir.

Calismanm amaci, esinlenme, analiz -ve bu yolla tarihsel aktarim- ve belirlenen kodlar1
tastyan yeni tasarimlarin ortaya konmasi ile mobilya tasarimi konusuna yeni bir bakis acis1
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sunmak ve bir metot Onerisinde bulunmaktir. Gergeklestirilen analiz kismi, ¢aligmanin
arastrma ve degerlendirme kismini; belirlenen kodlarin taginmasi ve iginde bulunulan
zamanin ve kosullarin etkisiyle yeni tasarimlarin ortaya konmasi ise ¢alismanin 6zgiin bulgu
kismin1 olugturmustur.

2 Metot

Calisma, Hacettepe Universitesi, Giizel Sanatlar Fakiiltesi, i¢ Mimarlik ve Cevre Tasarimi
Béliimii’'nde verilmekte olan ICT436 Mobilya Tasarimi dersinde, yazarlar tarafindan
yiriitilmiis olan bir ¢aligmada elde edilen verilerden bir segkiyi icermektedir. Calisma, nitel
bir aragtirmadir. Veri toplama s6z konusu olmamistir. Arastirma yontemi, dokiiman taramasi
ve dokiiman analizine dayanmaktadir. Bu sebeple Etik Kurul onay1 gerekmemistir.

Calismada, 6grencilerden Oncelikle mobilya tarihi alaninda genis bir literatiir ve gorsel
taramasi1 yapmalar1 ve es zamanli olarak kendilerini yansitan 5 adet sifat bulmalar1 istenmistir.
Burada hedef, ¢ikis noktast olarak kabul edilebilecek bazi kavramlarm, temalarin
belirlenebilmesidir. Bu noktada yola ¢ikilacak kavramlar, sifatlar, tasarimcinin kendisi olmak
durumunda degildir; bir tasarim 6zeti veya temel hedefler {izerinden de gidilebilecektir. Bu
calismanin s6z konusu asamasinda 6znel bir yol izlenmis ve sanatsal baglamda kalmarak
yukarida belirtildigi sekilde sifatlar belirlenmistir.

Bir sonraki asamada, bu sifatlar ile gerek bicimsel gerekse anlamsal yOnden
bagdasabilecek mobilyalar se¢ilmistir. Donem ve stil konusunda herhangi bir kisitlamaya
gidilmemistir. Burada, esneklik saglanabilmesi bakimindan once birkag adet mobilya
secilmis; daha sonra tek mobilya ilizerinden analizlere baglanmistir. Bu asama, ¢aligmanin
Oznel yoniinli olusturmaktadir. Burada amag, herhangi bir ¢ikis noktasi, bir esin kaynagi
benimsenmesidir. Dolayisiyla, segilmesi ongoriilen kaynak mobilyalara yalnizca bu agidan
bakilmais; bu se¢cimin nesnel bir temele dayandirilmasi beklenmemistir.

Oncelikle, belirlenen sifatlarm, secilen mobilyalar ile ne yonde bagdastiklar: tartisilmustir.
Bu asamada, gerek bigimsel, gerek islevsel, gerekse anlamsal yonlerden incelemeler ve
analizler yapilmistir. Bigimsel yonden veri sunan yapisal 6zellikler, yani geometrik yap1 da
dahil olmak tizere tiim formel Ozellikler, kullanilan renkler, malzemeler, dokular analiz
edilmistir. Bu 6zelliklerin bir kismimnin, anlamsal isaretler de verebileceklerinden, mobilyalar,
bu unsurlara dayanilarak anlamsal yonden de analiz edilmistir. islevine isaret eden unsurlar da
degerlendirmede dikkate alinmuistir.

Bu analizi takiben, tespit edilen noktalarin hangilerinin, mobilyanin karakteri anlamimda
vazgecilmez oldugunun degerlendirilmesi asamasina ge¢ilmistir. Kimi unsurlar karaktere yon
veren asli unsurlar olarak saptanmis ve muhafaza edilmek {izere tasarim siirecine kaydedilmis;
kimi unsurlar ise tali unsurlar olarak belirlenmis ve elenebilir nitelikte olmak Uzere not
edilmistir. Es zamanli olarak eskiz siirecleri baglatilmistir. Bu asamada manuel yollar
oncelikle tercih edilmistir.

Eskizler, analizler sonucunda belirlenen O68eler 1s1ginda taslak tasarimlara ve taslak
maketlere doniismiistiir. Bu asamada, devreye, detay ve malzeme oOnerileri de girmeye
baslamustir (Sekil 1).

Cok girdili bir siireci igeren bu analizlerde, yeni tasarima iliskin nihai kararlar verilirken,
kaynak mobilyanin 6ziinden kopmamaya dikkat edilmis; ancak onun kopyasi veya taklidi
olmayan, onun yalnizca tasarim kodlarini, bir nevi genetik kodlarini igeren bir “sonraki
neslinin”, bir baska anlatimla “torununun” ortaya konmasi hedeflenmistir. Retrospektif bir
yaklasimla gerceklestirilen analiz agamasi, prospektif bir sentezle nihayetlendirilmistir.
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Bu analiz ve sentez esnasinda “esinlenme” ve “tarihsel aktarim” kavramlar1 arasindaki
denge, “yenilik” yoniinde korunmaya ¢alisilmis; ortaya konan her tasarimin, rafine tarihsel
referanslar iceren, bu yolla gegmise saygisini ileten, “yeni” tasarimlar olmalarina azami 6zen
gosterilmistir. ~ Tasarimlar,  yazarlarin  yOnlendiriciliginde,  &grenciler  tarafindan
gergeklestirilmigtir.

ARASTIRMA SURECi SONUCUNDA

SECILEN MOBILYANIN TASARIMA ILISKIN

DETAYLI BIR SEKILDE ANALIZININ ESKIZ SUREC] RIRALKERARLARIN VERILMES!
YAPILMASI
TASLAK TEKNIK CiZIMLER, PERSPEKTIFLER,
FORM, RENK, DOKU, MALZEME, GORUNUSLER, PERSPEKTIFLER MALZEME VE DETAYLARIN
ANLAMVB. VE MAKET SUNULMASI
SECILEN MOBILYANIN KARAKTERINI
SAGLAYAN ASLi UNSURLARI TASLAKTASARIMIN

VE BU UNSURLARIN HANGISI VEYA
HANGILERININ VAZGEGILMEZ
OLDUKLARININ TESPIT EDILMESI

DETAY VE MALZEME ONERILERI

Sekil 1. Analiz ve sentez suregleri (Yazar tarafindan hazirlanmistir).

3 Bulgular ve Tartisma

Bu calismada, metot bashgr altinda agiklanan analiz ve sentez siirecleri sonucunda elde
edilen tlim tasarimmlara yer verilmesi, saymin yliksekligi itibariyle miimkiin olmadigindan,
stireci ve metodu tiim girdileriyle yansitan birkag 6rnegin sunulmasi yoluna gidilmistir. Temel
bulgu niteligindeki bu &rnekler asagida sunulmustur. Orneklerin sunulmasi esnasinda, 5846
sayilt Fikir ve Sanat Eserleri Kanunu kapsaminda, eser sahibinin haklarinin gézetilmesi
bakimindan, uygulama esnasinda yeni tasarimi gelistiren tasarimcinin adinin agik olarak
belirtilmesi yoluna gidilmistir.

3.1 Tasarim 1 — dikis masas1 — hazneli masa

Tasarim 1, Sekil 2’de sunulmustur. Analiz asamasindan Once tasarimci tarafindan ortaya
konan sifatlar, Belirgin, Tedirgin, Kararsiz, Enerjik ve Hayalperest olarak belirlenmistir. Bu
sifatlar1 ¢agristiran mobilyanin belirlenmesinden sonra, belirlenen mobilyanin yapisal yani
bicimsel, islevsel ve anlamsal analizleri yapilmistir.

Esin kaynagi mobilya, 19. Yiizyila 6zgii bir dikis masasidir. Masif ahsap, ince, zemine
dogru incelerek inen, uzun ayaklara sahip; eliptik, acilabilir iist tablal ve alt kisminda kumas
haznesi olan bir mobilyadir. Barok (Louis XIV) ve Rokoko (Louis XV) arasindaki doneme
admi veren Regénce donemine ait bir mobilyadir.

Bu donem, Louis XIV donemindeki saraym gii¢lii gosterigsine tepki niteliginde olan;
gegmisin resmi ve torensel mekanlarinin aksine, samimi kiigiik alanlarin evrimini ve dénemin
kusursuz isciligini sergilemek iizere tasarlanmis zarif, kolay hareket ettirilebilir mobilyalar1 da
beraberinde getirmistir (Britannica, 2025).
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Sekil 2. Wrought iron savonarola chair (A, URL-1, 2020, George Il period satinwood work
table (B, URL-2, 2020), Early 17th century Spanish walnut vargueno (C, URL-3, 2020), 19.
Yiizyil dikis masasi referansli hazneli masa tasarimi (Tasarim: Aysu Kiyici).

Yapilan anlamsal analizlerde, kaynak mobilyanin tedirginligi ve zarafeti korunmasi ve yeni
tasarima aktarilmasi gereken anlamsal nitelikler olarak belirlenmistir. Bu sifatlar1 yansitan
ince, zemine dogru daha da incelen, uzun ayak yapisi ve benzer oranl iist tabla korunmustur.
Hazne kismi da yine genetik aktarimm en 6nemli 6gelerinden biri olarak nitelendirilmis ve
korunmustur. Ote yandan malzeme, giiniimiiz kosullarinda yerini ayaklarda celige, iist tablada
ise ahsap tiirevi bir levhaya (Yongalam veyahut MDFlam) birakmustir. Ust tabla formu da
yeni mobilyada, kenarlar1 yuvarlatilmis dortgene doniismiistiir. Hazne kismi, gerek oranlari,
gerek plileri sembolize eden dikey cizgileri ile yine tekstil malzemeyle, ancak yar1 gecirgen
bir kumasla yeni mobilyada yer almistir. Renk, benzer karakteri ifade etmesi bakimindan
haznede yine beyaz tonlarinda tutulmus; diger elemanlarda malzemeyle birlikte renk
degisikligine gidilmistir.

Tarihsel siirecteki temel unsurlarini giiniimiiz kosullarinda tasimaya devam eden bu yeni
tasarim; benzer bicimsel 6geler yaninda, benzer karaktere de sahip bir alternatif niteligindedir.

3.2 Tasarim 2 — Hepplewhite — Hepplewhite ruhu

Bir diger tasarim, Giivenilir, Yalin, Samimi, Kararsiz ve Miitevazi sifatlar1 ile yola
baslamustir. Belirlenen bu sifatlar, ingiliz mobilya tarihinde 18. Yiizyil’in Ug Biiyiikleri olarak
da bilinen tasarimcilardan biri olan George Hepplewhite’in mobilya stilinde kendini
bulmustur. Kalp ve kalkan gibi arkalik modellerine sahip Hepplewhite mobilyalari, hafif ve
seckin olarak ozetlenebilecektir. Esin kaynagi olarak alinan mobilya da masif ahsap malzeme
ile iiretilmis; dosemeli oturaga sahip, kalp arkalikli bir sandalyedir. Hafif ancak gii¢lii yapis1
ve zarif kalp arkalig1 imza niteligindedir. Kolgaklardaki egim, zarafet ve kullanim kolayligini
artirirken, i¢inde bulunulan dénemin inceligine de atif yapmaktadir (Sekil 3).

Yeni mobilyada, tasarim kodlarinin belki de en baskini olan ve tarihsel aktarimda énemli
bir referans olarak nitelendirilen kalp arkalik bi¢imi korunmustur. Diiz 6n ayaklar ve arkaya
egimli arka ayaklar da donemin ruhunu giiniimiize tasiyan en 6nemli simgelerden olmustur.
Dosemeli oturak, yeni tasarimda bi¢im degisikligine ugrayarak yerini korumustur. Asli bir
0ge olarak goriilen egimli kolcaklar, yeni tasarimda da kalp arkaligin dikmesiyle kesisen
noktada sonlanmaktadir ki, bu bulusma, silueti koruyan en oOnemli noktalardan biri
konumundadir. Arkalik i¢i, kendine has, yeni bigcimlerle tasarlanmistir. Malzeme olarak siyah
boyali dokme demir secilmistir; ancak gelisen teknoloji ile benzer etki verilebilecek bir metal
alasimin da kullanilmas1 miimkiindiir. Hepplewhite sandalyesinin, giivenilir, yalin ve
miitevazi kimligi, yeni tasarimda da yasamaya devam etmistir. Yeni tasarim; onceki neslinden
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biraz daha soguk, rafine ve mesafeli durusuna ragmen, ayni zarafeti, hafifligi ve seckinligi
yansitmaktadir.

RTT& @
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Sekil 3. Louis arm chair-natural light linen (A, URL-4, 2020), Hepplewhite furniture plans
(B, URL-5, 2020), Hepplewhite armchair (C, URL-6, 2020), 18. yiizy1l Hepplewhite kalp
arkalikl1 sandalye referansli sandalye tasarimi (Tasarim: Burcu Orgen).

3.3 Tasarim 3 — Chippendale — Chippendale 5.0

Temkinli, Detayci, Rahatina Diiskiin ve Kararsiz sifatlartyla ¢ikis noktasi bulan bu
tasarimm esin kaynagi1 Ug Biiyiikler’in ikincisi Thomas Chippendale’in ¢ift sandalyesidir. 18.
Yiizyil Ingiliz mobilyasmin ve sonrasinda diinya mobilya tarihinin en dnemli isimlerden biri
olan Chippendale’in mobilyalarinda, genellikle Rokoko, Cin, Gotik gibi etkiler izlenebilir.
Esin kaynagi olarak alinan mobilya, tipik Chippendale arkalikli, désemeli oturakl, 6n
ayaklar1 kabriyal yapida, kolgakl1 bir ikili sandalyedir. Onde, ortada iigiincii bir ayagm yer
almasi, tipik yapisal oOzelliklerden biridir. Temkinli ve rahatina diiskiin yapi, saglam

govdesinde izlenebilmektedir (Sekil 4).
A 1 t

Sekil 4. Mahogany chippendale double chair settle seat (A, URL-7, 2020), Sofa, north and
central America, Massachusetts (B, URL-8, 2020), Banister-back armchair (C, URL-9, 2020),
18. Yiizyil Chippendale ¢ift sandalye referansh ikili koltuk (Tasarimc1: Biisra Karaadam).

"~ TEMKINLI- DETAYCI - RAHATINA DUSKON - KARARSIZ
SINIRLI ALAN

Yeni tasarim, esin kaynagmnm saglam durusunu, temkinini ve detaylarini barmndirirken;
yeni nesil olmanin gerektirdigi tiim degisimleri de 6ziinii koruyarak gec¢irmistir. Arkaliklarin
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oturaktan ve dolayisiyla gévdeden ayrik konumlanmasi gibi zekice hamleleri blnyesinde
barmdiran bu tasarim, neslinden aldiklarini, giiniimiiz teknolojisi ve yaraticiligi ile birlestirmis
durumdadir. Yazarlarca, s6z konusu yeni tasarima “Chippendale 5.0” admin verilmesinin
sebebi de bu altlikta yatmaktadir.

Endastri 5.0, endustriyel sektordeki doniisimii temsil etmektedir. Endistri 4.0'm
dijitallesme ve otomasyon odakli yapisinin 6tesine gegerek; insanin yaraticiligini, duygusal

zekasini ve deneyimini teknolojiyle birlestiren yeni bir iiretim paradigmasi ongoriir (Entes,
2025).

Yeni tasarimda, ikili arkalik yapisi korunmakla birlikte, arkalik yalnizca genel geometrik
yap1iy1 yansitan bir kontur olarak yer almistir. Arkaliklarm iist koselerindeki hafif disa egim,
gecmisin izlerinin, kullanima yonelik olmasa da saygiyla korundugunu gostermektedir.
Kaynak mobilyada birlesik olan bu iki arkalik, yeni tasarimda, yeni diinyada insanin
bireyselligini yansitir sekilde ayridir. Kolcak, kaynak mobilyadaki ¢atkinin aksine, ayakla
birlesik bir yapidadir. Arkalik ile de yalnizca arka ayagin zemine bastig1 noktada temas
etmektedir. Masif agac malzeme, yerini dskme demire birakmustir. Onceki nesilden aktarilan
karakter Ozellikleri, muhafaza edilmesi gereken degerler misali korunmus; islevden ziyade
sembolik olarak anlamsal boyutta yerini almistir.

3.4 Tasarim 4 — yaz1 masasi — ¢alisma masasi

18. Yiizyil’'n tipik yazi masa tipolojisini tagiyan bu yazi masasi (Sekil 5), glinlimiizde
kullanilabilecek bir ¢caligma masas1 tasarimina esin kaynagi olmustur. Yola ¢ikilan sifatlar,
Sakin, Mesafeli, Duzenli, Detayci ve Figiiran Ruhlu olarak belirlenmistir.

——
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Sekil 5. Secrétaire a cylindre (A, URL-10, 2020), Burgundy table (B ve Mechanical table (C
ve URL-11, 2020), 18. yiizyil Jean-Henri Riesener yazi masasi referansli ¢aligma masasi
(Tasarimct: Cansu Mira¢ Yildirim).

Esin kaynagi olarak secilen mobilyadaki mekanik ozellikler ve bu sayede artirilan
islevsellik; yeni tasarima da yansitilmistir. Kaynak mobilyanin vazgecilmez unsurlar1 olarak
belirlenen agilir-kapanir ve katlanir mekanizmalar, yeni tasarimda farkli bicimlerde de olsa
yer almistir. Diiz yapili, zemine dogru incelen, yivli ayaklar, yeni tasarimda da korunmustur
ki, bu Ozellik de kaynak tasarima karakterini veren en Onemli niteliklerden biri olarak
degerlendirilmistir. Ust tabladaki kalmlik, depolama islevinin korunmasma ek olarak, sakin
ve diizenli karakterin temsillerinden biri olarak da yeni tasarimda ayn1 oranlarda yer almistir.

Malzemenin kaynak mobilyaya verdigi sicaklik, yeni tasarimda yerini daha soguk bir
etkiye biraksa da mesafeli durusun yansitilmasi anlaminda tasarimi giiclendirmistir. Tarihsel
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referans, ayaklarin uglarindaki topuzlar ile vurgulanmig; tasarimin diger noktalarmda
tamamen glincel yaklagimlar benimsenmistir (Sekil 5).

3.5 Tasarim 5 — desk-on-frame — depolama unitesi

Sekil 6’da 19. Yiizyil’n tipik, depolamali masalarindan biri ve bu mobilya esin kaynagi
alinarak tasarlanmis yeni mobilya yer almaktadir. Zarif, Kararsiz, Sakin, ice Doniik ve
Rasyonel sifatlariyla baslanan siiregte, bu sifatlarin bir kisminin esin kaynagi mobilyay1 da
tanimladig1 anlasilmistir. Ozellikle, zarafet, sakinlik, ice doniikliik ve rasyonalite, kaynak
mobilyanin gerek genel geometrik yapisinda gerekse yalin tavrinda karsilik bulmustur.

Y 5 B
A B C I ‘ : l ' \

ZARIF - KARARSIZ - SAKIN - ICE DONUK - RASYONEL I 4

OnComis 110 Sl Goent 1O i I : |
.

C L Ust Gorinis 1/10 1

Sekil 6. Pair of Sheraton revival mahogany desk chairs mahogany 1890 (A, URL-12, 2020),
Drop-leaf pembroke table (B, URL-13, 2020), Portable desk-on-frame table (C, URL-14,
2020), 19. yiizyil baslari, Amerikan desk-on-frame masa referansli depolama tinitesi
(Tasarimcr: ilkay Volkan Yiiceer).

GoOvdeye nazaran yiiksek ve ince ayaklar sayesinde, iist kisimda yer alan masa ve
depolama tiniteleri oldukga zarif bir yapiya kavusmustur. Masa tablasi i¢erisinde ve iizerinde
yer alan kapali kisimlarda ige doniikliik; bu alanlarin geometrik yapisinda ise sakinlik ve
rasyonellik okunmaktadir. Bu unsurlar, kaynak mobilyanin vazgeg¢ilmez unsurlari olarak, yeni
tasarima da aktarilmistir. Geometrik yapi, yeni tasarimda genel hatlariyla korunmus olsa da
iist kisma ek 6geler eklenmis, yazi tablasi incelmis ve govdeye entegre edilmistir. Ayaklar,
yeni tasarimda daha kisa olarak yer alsa da incelik ve zarafet anlaminda niteligini korumustur.
Ayak uglarmdaki yliksek metal kisimlar ise tarihsel 6gelere referans vermektedir. Yapilan
ince cergeve kayit gibi elamanlar sayesinde mobilya zarafetini de devam ettirmistir. Yapilan
eklemelerden biri olan deri kulp ise giiniimiiz yaklasimlarmin da gozetildigini sembolize
etmekle birlikte, Oziindeki dogalligi koruyan bir goriintii sunmaktadir. Diger malzeme
farkliliklar1 ise depolama birimlerinde yapilmistir. Kaynak mobilyadaki koyu renk, yerini
beyaz tonlarina birakmistir. Herhangi bir renk, yani kroma girilmeyerek, sakin ve rasyonel
yap1 korunmustur.

3.6 Tasarim 6 — Guimard desk — ¢alisma masasi

Sekil 7’de, Hector Guimard’a ait Art Nouveau stilinde bir desk/masa ve buradan
esinlenilerek tasarlanmis yeni bir calisma masasi yer almaktadir. Art Nouveau akiminin
onemli temsilcilerinden Guimard’in seg¢ilen mobilyasinda, donemin ve akimin neredeyse
bitln tipik dzellikleri izlenebilmektedir.
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Sekil 7. Desk (A, URL-15, 2020), Side table (B, URL-16, 2020), William and Mary style
walnut lowboy side table (C, URL-17, 2020), 19. yiizyil sonlar1, Hector Guimard masa
referansli ¢caligma masasi (Tasarimc1: Nahide Erol).

Dengesiz, Tutkulu, Diizenli, Sert ve Gizemli sifatlar1 ile yola ¢ikilan analizlerde, bu
sifatlarin bir kisminm esin kaynagi mobilya ile de ortiistiigli degerlendirilmistir. Kaynak
mobilyadaki dinamik denge, tutkulu floral 6geler, asimetrik detaylar ve gizem, yeni tasarim
icin de yol gdsterici olmustur. Art Nouveau stiline 6zgii floral bigimli 6geler ve zarafet,
vazgecilmez unsur olarak yeni tasarimda da yerini almistir. Ancak, bu Ogelerin birebir
alinmasindansa, tarihsel aktarima referans verecek detaylar, benzer oranlar ve benzer
bigimlenis ilkeleriyle kullanilmigtir. Kaynak mobilyada kiigiik bir dikdortgen bigiminde olan
ve kayittan boslukla yiikselen iist tabla, yeni tasarimda yerini ince tek bir levhaya birakmustir.
Malzeme kaynak tasarimda masif ahsap iken, yeni tasarimda dogal ahsap kapl yonga veya lif
levha, masif ahsap veya metal alasim ayak gibi gilincel malzemeler kullanilabilecektir. Yeni
tasarim, soyunun ve Art Nouveau karakterinin devami niteliginde, ancak tamamen yeni 6geler
iceren bir 6rnek olarak degerlendirilmistir.

3.7 Tasarim 7 — rokoko diises — iKili koltuk

Yola Rahat, Sabirsiz, Keyfine Diiskiin, Umursamaz ve Soguk sifatlariyla ile baslayan
tasarimin esin kaynagi Rokoko stilinde bir diises koltuk olarak secilmistir. Rahat, keyfine
digkiin ve umursamaz sifatlarmin kaynak mobilyanin karakterinde belli oranda karsilik
buldugu sdylenebilecektir (Sekil 8).
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Sekil 8. “Klini” chaise (A, URL-18, 2020), Rare chaise longue en noyer richement sculpté, a
dosserets e- Lot 320 (B, URL-19, 2020), Antique English Victorian mahogany upholstered
chaise longue settee sofa couch (circa 1860) (C, URL-20, 2020), 19. yiizy1l rokoko diises
koltuk referansli koltuk tasarimi (Tasarimci: Sultan Giil).
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Kaynak tasarimdaki karsilikli ikili yap1, bu mobilyay1 benzerlerinden ayiran ve karakterini
onemli olgiide etkileyen ozelliklerdendir. Bir yanin digerinden algak olmasi da vazgegilmez
unsurlardan biri olarak nitelendirilmistir. Rahatliga vurgu yapan désemeli yapi, bu 6zelliklerle
birlikte, yeni tasarimda aynen korunmustur. Ancak, kaynak mobilyada yer alan kabriyal ayak
yapisi, yeni tasarimda yerini siyah boyali boru profilden bir karkasa birakmistir. Dosemeli ana
govde, rahat, keyfine diiskiin ve umursamaz karakterini bu yapida da korumustur. Arkalik
egimleriyle verilen Rokoko etkisi, tarihsel bir aktarim olarak, diises tipolojisine destek olmak
iizere yeni tasarimda da yer almigtir. Giinlimiiz yaklasimlarini i¢eren ancak, kaynak aldigi
donemin karakterini tasiyan bu mobilya, yapisal anlamda tamamen yeni 6geler barindiran,
yeni bir mobilyadir.

Calismanin amaci, mobilya tasarimi baglaminda, esinlenme, tarihsel aktarim ve yenilik
kavramlarmi, retrospektif bir analiz ve prospektif bir sentez araciligiyla irdelemektedir.
Tasarimda, pek cok “sey” esin kaynagi olabilecektir. Bu kaynak kimi zaman tasarimcinin
oznel birikimine has bir 6ge olabilecegi gibi, kimi zaman bir kavram, kimi zaman bir sanat
eseri, Kimi zaman da baska bir tasarim olabilecektir. Burada Onemli olan esinlenme ile
kopyalama, taklit arasindaki sinirin belirlenmesidir. Esinlenme, ilerlemenin, yeni tasarimlar
ortaya koymanin anahtarlarindan biri iken, kopyalama ve taklit, tasarim alanini tamamen
geriye gotiiren, tasarim etigine ve hukukuna aykiri; kisa, orta veya uzun vadede dogrudan
veya dolayl paydaslarina mutlak zarar getiren bir eylemdir. Bu zarar kimi zaman maddi, kimi
zaman manevi, ¢cogu zaman ise hem maddi hem manevi olmaktadir. Bireysel zararlarin
otesinde, iilke kalkinmas1 ve prestij anlaminda da kayiplara neden olabilmektedir.

Kopyalama veya taklit anlamina gelmemekle birlikte, tarihsel siirecte karsimiza ¢ikan
mobilyalara 6zgii Ogeler, belirli analizler yapilmadan, oOlgiitler belirlenmeden de yeni
tasarimlarda kullanilabilmektedir. Hatta klasik ve modern birlesimi mobilyalarda, anlamsal
boyut gbz Oniinde bulundurulmadan g¢esitli tabirler kullanilabilmekte; tarihsel aktarimda
tutarlilik ikinci plana atilabilmektedir. Oysa, mobilya tasariminda tarihsel referanslarin
kullanilmasi, ancak ve ancak saglam bilgi altyapisi, giiclii kavramsal altlik, analitik bir
yaklasim ve tisluplar arasinda tutarliligin saglanmasi ile miimkiin olabilecek bir eylemdir.
Yeniligin yakalanmasi ise bir bagka hedef olarak karsimiza ¢ikar.

4 Sonuclar ve Oneriler

Bu hedefler dogrultusunda, calismanm, yeni tasarimlarmn gelistirilmesi veya gecmis
tasarimlarin dogru bir sekilde analiz edilebilmesi ve dolayisiyla tasarimlarda tutarhiligin
saglanabilmesine katki sunmasi beklenmektedir.

Bu baglamda, calismada aktarilan verilerden elde edilen sonuglar ve bu sonuglara bagli
olarak sunulmak istenen 6neriler asagidaki gibidir:

e Mobilya tasariminda, tarihsel siiregte yer alan 6rnekler, yeni tasarimlar i¢in esin kaynagi
olabilecektir.

e Esinlenme ile kopyalama/taklit arasinda ¢ok belirgin bir ayrim bulunmaktadir.
Esinlenme, tasarim gelistirmede 6nemli ve yararli bir eylem iken; kopyalama ve taklit,
tasarim etigine ve hukukuna kesinlikle aykir1 bir harekettir.

e Mobilya tasariminda, esin kaynag tarihsel silirecten bir mobilya olarak alinacak ise,
tarithsel siirece ve ilgili doneme/akima hakim olunmasi son derece Onemli ve
zorunludur.

e Donemlerin ve akimlarin, salt mobilyalarin goriiniimleri tizerinden degerlendirilmesi,
tasarimciya ¢ok smirlt bir veri sunacaktir. Analizlerin, gerek islevsel, gerek yapisal,
gerekse anlamsal boyutlarda yapilmasi gerekmektedir.
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e Esin kaynagi olarak aliman mobilyada yer alan unsurlarin, yeni tasarlanacak olan
mobilyada ne sekilde yer alacagi; mobilyanin “yenilik” derecesini belirleyecektir. Bu
sebeple, aktarimlarin dikkatle ve yine analiz bulgularina gore yapilmasi 6nem arz
etmektedir.

e Esinlenme sonucunda, tarihsel aktarimlarda, bigimsel higbir 6geye yer vermemek de
miimkiindiir. Karakter, her zaman salt bi¢imsel 6gelerle yansitilmak durumunda
degildir. Kimi zaman yalnizca bir malzeme veya bir renk kullanimi1 da ¢ok degerli ve
yerinde referanslar olusturabilecektir. Veyahut, esin kaynagi ile yeni tasarim arasinda
herhangi bir gorsel benzerligin olmadigi durumlarin da olmasi miimkiindiir. Onemli
olan, yeni tasarimin, lizerine yiikleneni iletebilmesi ve “yeni” olabilmesidir.
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Performance and deformation behavior of a master jig on circular saw
machine using finite element method

Asibong Asibong Ichal*> |, Simon Ogbeche Odey*

ABSTRACT: This study investigates the performance, stress distribution, deformation and
potential failure modes of a newly developed Master Jig (MJ) designed for circular saw
machine operations. The MJ comprises three components: the master jig body (MJB), the
master jig accessories (MJA) and the master jig guide (MJG). The jig was modelled and
simulated under applied static loads of 520 N and 600 N using SOLIDWORKS software. The
MJ performance was evaluated, results were recorded, and a deformation graph was presented
and shape displayed in true and defined scales of 0.135238 and 0.036047, respectively. The
analysis shows that, maximum directional deformations at 520 N and 600 N were 8.463 x 102
mm and 3.197 x 10® mm respectively, elastic strains at 6.540 x 10 and 1.433 x 10, von mises
stresses at 2.580 x 10° MPa and 3.930 x 10’ MPa respectively, the Yield Strengths at 2.000 x
10" MPa and 3.930 x 10" MPa respectively, and the factor of safety at 31 and 11 respectively.
The study underscores the potential of finite element modelling in the predictive design of
woodworking jigs.

Keywords: Master Jig, Finite Element Modelling, Circular Saw Machine

Sonlu eleman yontemleri kullamlarak dairesel testere makinesinde bir ana
sablonun performans ve deformasyon davramsi

OZ: Bu ¢alismada, dairesel testere tezgah1 operasyonlari i¢in tasarlanmis yeni gelistirilmis bir
Ana Jig'in (MJ) performansi, gerilim dagilimi, deformasyonu ve potansiyel ariza modlari
arastirtlmistir. Gelistirilen MJ (¢ bilesenden olusmaktadir: Ana Kalip Gévdesi (MJB), Ana
Kalip Aksesuarlar1 (MJA) ve Ana Kalip Kilavuzu (MJG). MJ'nin modellenmesi, simiilasyonu
ve analizi i¢in SOLIDWORKS yazilimi kullanilmis ve sirasiyla 520N ve 600N statik yiikler
uygulanmistir. MJ'nin performanst degerlendirilmis, sonuglar kaydedilmis, deformasyon
grafigi sunulmus ve sekli gercek ve belirlenmis Olgeklerde gdosterilmistir. Analizler,
maksimum yonlendirilmis deformasyonlarin sirasiyla 8.463 x 10> mm ve 3.197 % 10°> mm,
esdeger elastik sekil degisimlerinin 6.540 x 10° ve 1.433 x 101, von Mises gerilmelerinin
2.580 x 10° MPa ve 3.930 x 107 MPa, akma dayanimlarinin 2.000 x 107 N/m? ve 3.930 x 107
N/m?, giivenlik katsayisinin ise sirasiyla 31 ve 11 oldugunu gostermektedir. Calisma, agag
isleme fikstiirlerinin tahmini tasariminda sonlu elemanlar modellemesinin potansiyelini
vurgulamaktadir.
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1. Introduction

The intricacies of predicting the performance and potential deformational behavior of
wood and wood-based products have posed challenges that have, until now, relied heavily on
intuition and experience (DeCristoforo, 1988; Okpala and Okechukwu, 2015; Massaro et al.,
2023; Icha et al., 2024). Massive efforts have been made for several years to close the
knowledge gap and enhance the techniques required to make wood more predictable (Falk
and Itani, 1989; Brischke, 2021; Fiedler et al., 2023). Appraisal of the capacity of carpentry
joints using Finite Element (FE) models had been investigated, compared to experimental
results with acceptable prediction capacity (Massaro et al., 2022). Huber et al (2023)
presented a technique based on X-ray computed tomography scans for recreating the
structural features in wood boards. They suggest that eventually, using the technique for
sawing logs could aid analyses of boards. Nailed connection in wood (Hong and Barrett,
2010), screws (Hu et al., 2022) crack propagation (Qiu et al., 2013), water absorption (Salin,
2008), wood fracture mechanics (Vasic, 2005), and many other behaviors have been presented
(Blomgvist et al., 2023). Autengruber et al. (2021) developed a finite-element-based
simulation approach to better understand the failure mechanics of wood-based composite and
to support a targeted optimization of new cross-section types of I-joist beams. The
performance of the modelling approach was reported as giving a very good prediction of
stiffness values.

Frontini (2023) presented finite element models of wooden roofs with two main scenarios
in an attempt to characterize the behavior of wooden connections in the diaphragm. The first
scenario considered only the frame with line loads, while the second scenario considered that
the wooden boards incorporating planks affected the performance of the structure. The result
of their work agrees with the use of FEM to analyse, model and simulate the behaviors of
wooden members. Blomgvist et al., (2023) created the FE model to study the bending process
of a laminated veneer product. The veneers, which were modelled after the experimental ones
with laminates of different thicknesses made of peeled veneers of European beech, had
corresponding results. Zhong et al., (2021) simulated the deformation behavior of wood under
axial and transverse compression conditions with representative volume elements (RVE). The
simulation was able to reflect wood compression behavior from its results. This gives credits
to the versatility and reliability of FEM as a tool for analysing and simulating the complex
behaviors of wooden materials and structures under various conditions, thereby advancing
both theoretical understanding and practical applications in wood material utilisation.

Woodworkers and engineers alike have learned that the performance and dependability of
this essential component are not to be taken for granted. However, only big manufacturing
organizations in developing nations have the expertise and resources to implement these
contemporary technologies (Tankut et al., 2014). Thus, the Master jig's performance, as well
as its potential deformation behavior, denote critical factors that directly affect the quality and
safety of woodworking undertakings (Icha and Odey, 2024a; Fleming, 2020). Our study aims
to address this by utilizing simulation and predictive modelling as effective methods for
understanding the Master Jig's behavior in operation on the circular saw machine (Icha and
Odey, 2024a; Autengruber, et al., 2021; Hernandez et al., 2014). By using this novel
approach, we hope to predict the jig's performance as well as solve the mystery of possible
failure behaviors that have long evaded conventional techniques (Yildirim et al., 2016;
Autengruber, et al., 2021; Odey and Icha, 2022). Tradition and technology, craftsmanship and
arithmetic, come together in this research. It is an investigation into how simulation and
predictive modelling might improve our comprehension of the behavior of the Master Jig
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under various loads and situations. (Vasic et al., 2005; Tankut et al., 2014; Kumar et al.,
2019).

Predicting the mechanical performance and deformation behavior of wood-based jigs
remains a challenge, especially in environments where fabrication relies heavily on empirical
methods (DeCristoforo, 1988; Icha et al., 2024). While materials such as solid wood and
engineered boards have been widely used in jig fabrication, their layered anisotropic nature
complicates accurate stress prediction without simulation tools. Prior studies using FEM have
demonstrated promising results in understanding the behavior of woodworking component
(Autengruber et al., 2021; Blomaqvist et al., 2023). The master jig introduced in this study is
designed to enhance both safety and precision during crosscutting and mitering operations
amongst others on circular saw machines. Unlike previous jigs, this master jig integrates
modular features to support local fabrication needs. This study presents the FEM- based
simulation of the jig to evaluate its structural performance and identify potential deformation
risk under operational loads.

2. Material and Method
2.1 Material

The materials used for this study were Ochroma pyramidale (Balsa) as solid wood and
medium-density fiberboard (MDF) available within the environs of the research area (Calabar
- Nigeria). A comprehensive detail of materials and hardware used in the construction of the
master jig is detailed in Icha and Odey (2024b). Computer-aided design (CAD) was carried
out using the SOLIDWORKS (2021) software interface to model the master jig. Detailed
drawings are shown in Icha and Odey (2024b). The specific configurations of the master jig
on the circular saw machine and direction of applied force are detailed in Fig. 1.

2.2 Finite element analysis

The SOLIDWORKS (2021) interface was used to model and simulate the MJ components.
The MDF was approximated as a linear elastic isotropic material for baseline analysis. The
mechanical properties of MDF, as listed in Table 1 (Hu et al., 2023), were specified for the
FE model. Connection for the MJ was assigned as bolts and nuts as shown in Icha and Odey
(2024b).

In this model, the base in the yz-plane is assigned a fixed geometry as an anchored point to
resemble the experimental setup in Fig. 1. The jig was mounted on the circular saw table with
fixed boundary conditions applied at contact points between the MJ and the saw table because
the MJ's bar is slotted into the table's groove. A curvature-based mesher was employed using
a minimum element size of 2 mm and 16 Jacobian points. The mesh quality, boundary
conditions and loading points are shown in Fig. 3.

Loads of 520 N and 600 N were applied vertically to simulate the pressing force from a
workpiece being guided by the MJ. These values were chosen based on empirical
measurements of operator force during actual machine use (Fig. 1). The mesh comprised
134,792 nodes and 96,437 elements with average ratios below 1.8. This ensured high-
resolution prediction of stress gradients across intricate corners and holes (Fig. 2).

Contact between jig components and the saw blade was defined using surface-to-surface
contact with finite sliding and a friction coefficient of 0.33, consistent with Massaro and Malo
(2020).
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S00N Sawblade

Circular Saw Machine

Figure 1. Experimental setup of the master jig on the circular saw machine

Table 1. Mechanical properties of MDF used in the study (Hu et al., 2023)

Property Value Sl Units
Modulus of Elasticity 70,000 N/m?
Poisson’s Ratio 0.3 N/A
Tensile strength 0.61 N/mm?
Yield strength 2e+07 N/m?
Mass density 159.99 Kg/m?®
Shear modulus 3e+08 N/m?

r4
e Z v

Figure 2. Mesh quality, boundary conditions and load points.
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2.3 Failure criteria and equations

To evaluate the fractional behavior of the MJ under applied loads, established failure
criteria were observed since materials undergo fraction when subjected to a sufficiently high
load, with failure characteristics depending on the material properties and the mode of
loading. In this study, varying loads of 520 and 600 N were applied on the MJ, the von Mises
stress (equation 1), directional deformation (equation 2), Elastic strain (equation 3), yield
stress (equation 4) and factor of safety (equation 5) were recorded (Yildirim et al., 2016). Two
types of FE models were created to visualize the observed failure mode. The first represents
the true scale of deformation, while the second was at a defined scale of 0.036047 and
0.135238, respectively.

Von Mises stress (ovm)

va:\[% [(Gx - Uy)z + (Uy - UZ)Z + (Uz - Ux)z] + 6(’{92(3, + T32/Z + T%x) (l)

Where: ox, oy, oz = Normal stresses in the X, y, and z directions, and 1xy, Tyz, Tx = Shear
stresses in the respective planes

Directional deformation (Ui)

=ik
Ui = B (2)

Where: Ui = Deformation in direction i, oi = Stress in direction i, L = Initial length of the
material, E = young’s modulus

Elastic strain (evm)

3
8vm:\/% [(Ex - Sy)z + (Ey - EZ)Z + (e, — 8x)z] +Z(YJZCY + y32/Z + Y%x) (3)

Where: &y, &y, €2 = Normal strains in the x, y, and z directions, and vyxy, yyz, Yzx = Shear
strains

Yield Stress (oy)

F.
Oy = Xy (4)

Where: oy = Yield stress, Fy = Yield force, A Cross-sectional area.

Factor of safety (FoS)
— %
FoS = —- ()

Where: oy = Yield stress, oy = Maximum applied stress
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3 Results and Discussion
3.1 Simulation analysis of the master jig

Table 2 presents data from the simulation analysis carried out on the modelled master jig
when loads of 520 N and 600 N are applied, respectively. The von Mises static stress, elastic
strain and deformation are presented at minimum and maximum levels. The yield strength and
factor of safety are also presented in the table. The von Mises stress values of the master jig
indicating the internal forces acting on the MJ, resulting from the external loads of 520N and
600N, ranged from 7.833 x 10 to 5.560 x 10° MPa and 1.754 x 10° to 9.436 x 10° MPa,
respectively. The elastic strain values of the master jig, which measures the ratio of
deformation to the original length of the master jig and provides an indication of its elasticity,
range from 2.083 x 108 to 6.540 x 10 MPa for the 520N and 6.572 x 108 to 1.433 x 10 for
600 N. The deformation values of the master jig, which indicate the amount by which the
object deforms or changes shape in a particular direction, range from 0.000 x 10 mm to 8.463
x 10> mm at 520N and 0.000 x 10 mm to 3.197 x 10° mm at 600N. The yield strength of the
master jig, which is the maximum stress it can withstand without permanent deformation at
520, was 2.000 x 10’ MPa and at 600N was 3.930 x 10’ MPa. The factor of safety associated
with the master jig at 520N and 600N is 31 and 11, respectively. These results indicate that
the master jig was much stronger compared to the expected load, making it safe.

Table 2. Simulation results: maximum and minimum load values

Object  Load von Mises Elastic Strain Deformation Yield Stress Factor
Name (N) Stress (Mpa) (mm) (Mpa) of Safety
Min 7.833x10* 2.083x 10® 0.0

520 2.000 x 107 31
Max 5.560 x 10°  6.540 x 10 8.463 x 10?
Min 1.754 x 10° 6.572x 10 0.0

600 3.930 x 107 11
Max 9.436 x 10°  1.433x 10 3.197x 10°

3.2 Simulation of distribution diagrams

Figs. 3 and 4 show the schematic distribution diagrams for von Mises stresses (a), elastic
strain (b), and displacement (c) at 600N and 520N, respectively.

At the external load of 520N, the von Mises stresses (ovm) are observed to be higher at the
stop where the force is directed and the work piece is wedged, the base slot and the lower
parts of the fence. Other areas were observed to have minimal stress distribution levels. The
elastic strain (evm) distribution at the same loading condition appears to affect the same areas
where the stress distributions were displaced at almost the same prominence with minimal
levels of stress distribution in other areas. The displacement distribution (Ui) is observed to be
highest at the point of interaction with the saw blade at over 8.463 x 102 mm varying as it
moves away from the stop on both sides within the range of 5.078 x 10*2 mm to 8.463 x 10**
mm, leaving an even distribution on other sides of the base as low as and below 1.000 x 10
mm.
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At an external load of 600N, the von Mises stresses (ovm) are observed to be higher at the
vertical support where the force is directed and the workpiece is wedged, the base slot and the
lower parts of the fence. Other areas were observed to have minimal stress distribution levels.
The elastic strain (evm) distribution at the same loading condition appears to affect the same
areas where the stress distributions were displaced, but with more prominence with minimal
levels of stress distribution were observed in other areas. The displacement distribution (Ui) is
observed to be highest at the upper part of the vertical support at over 3.197 x 10" mm
varying as it moves towards the fence and fence bracers on both sides within the range of
9.394 x 102 mm to 2.238 x 10*3 mm, leaving an even distribution on other sides of the base
as low as and below 1.000 x 10° mm.

These results indicate that the MJ exhibited stress concentrations at vertical supports and
fence junctions, where the workpiece pressure is highest. Maximum directional deformations
occurred at the point of saw contact, confirming the structural demand in that area.

&

c

Figure 3. Distribution of von Mises stress (a), Elastic strain (b) and Displacement (c) with
applied external load at 600 N

a b c

Figure 4. Distribution of von Mises stress (a), elestic strain (b) and displacement (c) with
applied external load at 520 N

3.3 Factor of safety

Fig. 5a and b. shows the factor of safety value on the simulated FE model when external
loads of 520N and 600N are applied. The high factor of safety (11 and 31) across both load
cases confirms the jig’s structural resilience and suitability for high-force cutting applications,
which means that the master jig, as designed, can withstand loads that are 11 and 31 times
higher than its designed load.
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=

Figure 5. Factor of Safety at 520N (a) and 600N (b)
3.4 Deformation behaviour

To observe the deformation behavior (failure mode) of the FE modelled master jig at 520N
and 600N applied load, the stress, strain and displacement diagram were scaled to 0.135238
and 0.036047, respectively which allows visualisation of potential failure regions. The
displays shown in Figs. 6a, b, ¢ and 7a, b, ¢ respectively are results of localised deformation
in high-stress zones, validating the design’s robustness for typical woodworking forces.

However, it should be noted that the true scale (Figs. 3 and 4) represents the possible
deformation that can occur on the jig.

a b c

Figure 6. Deformation behavior of FE model (a) stress, (b) Strain, and (c) displacement when
scaled to 0.135238 for 520N

.{a Yb ‘(c

Figure 7. Deformation behavior of FE model (a) stress, (b) Strain, and (c) displacement when
scaled to 0.036047 for 600N

3.5  Nodal edge plots

Fig. 8 (a-c) presents the nodal edge graph (plots) of static stress, strain and displacement
along a parametric distance for the vertical work support face, respectively. The von Mises
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stress values decreased from 4.00 MPa to 1.00 MPa, suggesting a reduction in the stress along
the parametric distance (Fig. 8a). The strain contour starts at minimum (0.00), indicating no
deformation at the beginning of the parametric distance and jumps significantly to 5.00 and
then to 10.00, suggesting a rapid increase in the strain over a short distance. It then decreases
gradually, suggesting that the material experienced less deformation as the parametric
distance increased beyond the critical point (Fig. 8b). The displacement contour starts at
1,500.00 mm and increases steadily as the distance increases, indicating a movement away
from the point of maximum displacement. Table 3 presents the sum, average, maximum,
minimum and root square means of the nodal edge plots for the vertical work support face.

Plot (yp(’e: Static nodal stress Stress1 Plot type: Static strain Strain1 Plot type: Static displacement Displacement1

4.00+05 15.00 3,500.00
S 3,000.00 : T
& 30040 A , ;
g 3.00 \ 10.00 z
s 3 i £ 2,500.00 i
g 200 5 8
: B U oo & 2000.00 T
$ 1.00:%fy b “ 1,500,004 205"

0.00-%! 0.00* - > . 1,000.00*

000 020 040 060 080 1.00 000 020 040 060 080 1.00 000 020 040 060 080 1.00
Parametric Distance Parametric Distance Parametric Distance
a von Mises (N/m"2) b ESTRN ¢ URES (mm)

Figure 8. Static stress (a), strain (b) and Displacement (c) for the Vertical Work Support face

Fig. 9 (a-c) presents the nodal edge graph (plots) of static stress, strain and displacement
along a parametric distance for the left and right vertical mitre, respectively. The von Mises
stress starts at nearly 1.5 10° MPa with slight fluctuation around the middle area, then
increasing significantly towards the end of the parametric distance. This suggests a possible
stress concentration at the left and right vertical mitre (Fig. 11a). The static strain (ESTRN)
plot (Fig. 9b) starts at nearly 2.00 with a slight increase and fluctuations in the middle area,
and a significant spike is observed towards the tail of the parametric distance near 8.0. This
sharp increase towards the end may indicate a region of high deformation, possibly near the
concentration point of the L/R vertical mitre. For the displacement (Fig. 9c), an initial
decrease near the minimum was observed at the parameter distance of 0.1. Afterwards, a near-
linear trend is observed as the displacement gradually increases until its peak at
approximately 3000 mm and a parametric distance of 1.0. The sum, average, maximum,
minimum and root square means of the nodal edge plots for the left and right vertical mitre
are presented in Table 3.

Plot type: Static nodal stress Stress1 Plot type: Static strain Strain1 Plot type: Static displacement Displacement1
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a v N2 b ESTRN ¢ m

Figure 9. Static stress, strain and Displacement for the Left and Right Vertical mitre

151



Icha and Odey, Furniture and Wooden Material Research Journal, 8 (1), 143-155

Fig. 10 (a-c) presents the nodal edge graph (plots) of static stress, strain and displacement
along a parametric distance for the adjustable stop bar, respectively. The static Nodal stress
(von Mises stress) distribution contour starts very low (Fig. 10a), beginning from a 0.00-0.05
parametric distance and then moves sharply to a peak of about 9.00 Mpa in the meddle
indicating a critical stress concentration and quickly drops down before getting to the end of
the parametric distance of the adjustable bar. The static strain (ESTRN) plot has similar

distributions to the von Mises stress (Fig. 10b). However, the static displacement (URES)
distribution moderates its initial displacement from approximately 700 mm, undulating to the
maximum displacement at a peak of above 1000 mm at the mid-region, and then decreasing
gradually until the contour hits the flow at nearly 1.0 parametric distance. The sum, average,
maximum, minimum and root square means of adjustable stop bar are presented in Table 3.

Plot type: Static nodal stress Stress1
1.00-0
& 80005
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Plot type: Static displacement Displacement1
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Parametric Distance
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Figure 10. Static stress, strain and Displacement for the Adjustable Stop Bar

Table 3. Results based-on static nodal edge plots for simulation of different components

Object von Mises Stress Elastic Strain _ Resultant
Name (MPa) Displacement (mm)
Vertical Work Support face
Sum 7.522 x 10° 1.533 x 10° 1.785x 10°
Average 8.646 x 10* 8.706 x 10 2.318 x 10°
Maximum 3.221 x 10° 1.433 x 10* 3.197 x 10°
Minimum 1.346 x 10* 8.145x 107 1.385 x 10°
RSM 1.0486 x 10° 1.370 x 100 2.403 x 10°
Left and Right Vertical mitre
Sum 8.975 x 10° 1.393 x 10? 7.703 x 10*
Average 2.895 x 10° 3.316 x 10 2.485 x 10°
Maximum 6.576 x 10° 7.632 x 10 2.848 x 10°
Minimum 1.036 x 10° 1.497 x 10 2.330 x 10°
RSM 3.209 x 10° 3.499 x 10 2.489 x 10°
Adjustable Stop Bar
Sum 6.571 x 10° 7.487 x 10* 4.145 x 10*
Average 8.113 x 10* 6.568 x 10" 5.117 x 10°
Maximum 9.089 x 10° 7.792 x 10 1.223 x 10°
Minimum 9.762 x 10 1.290 x 10* 3.098 x 10*
RSM 1.805 x 10° 1.508 x 10 6.109 x 10°

152



Icha and Odey, Furniture and Wooden Material Research Journal, 8 (1), 143-155

4 Conclusions

A finite element-based approach was used to investigate the performance and deformation
behaviour of the master jig on the circular saw machine as presented in this study. The
following conclusions are drawn:

e The study confirms the suitability of FEM in evaluating the structural performance of
a master jig for circular saw operations.

e The isotropic material assumptions provided an acceptable first-order prediction.

e The jig’s performance under 520 N and 600 N loads suggest its effective use in real
woodworking operations.

Future works should focus on incorporating anisotropic multi-layered MDF modelling for
higher fidelity and developing additional jig types for varied cutting tasks using this
modelling framework.

Author Contributions

Asibong Asibong Icha: Conceptualization, Data curation, Formal Analysis, Funding
acquisition, Investigation, Methodology, Project administration, Resources, Supervision,
Validation, Visualization, Writing — original draft, Writing — review & editing, Simon
Ogbeche Odey: Funding acquisition, Project administration, Resources, Supervision,
Validation, Visualization, Writing — review & editing.

Funding statement

This project was funded and supported by The Nigerian Tertiary Education Trust Fund,
Institute - Based Research, with project number:
TETF/DR&D/CE/UNI/CALABAR/IBR/2024/batch 8

Conflict of interest statement
The authors declare no conflict of interest.

References

Autengruber, M., Lukacevic, M., Wenighofer G., Raimund Mauritz, R., and Fussl, J., (2021).
Finite-element-based concept to predict stiffness, strength, and failure of wood composite
I-joist beams under various loads and climatic conditions, Engineering Structures, 245
112908, DOI: 10.1016/j.engstruct.2021.112908

Blomgvist, L., Ormarsson, S. and Ziethén, R., (2023). Stress distribution in veneers under
lamination and simultaneously bending: an experimental and numerical investigation,
Wood Material Science & Engineering, 18:3, 995-1002,
DOI:10.1080/17480272.2022.2099762

Brischke, C., Alfredsen, G., Humar, M., Conti, E., Cookson, L., Emmerich, L., and Sulttie, E.,
(2021). Modelling the material resistance of wood—part 3: relative resistance in above-and
in-ground situations—results of a global survey. Forests, 12(5), 590, DOI:
10.3390/f12070959

DeCristoforo, R.J., (1988). The Complete Book of Stationary Power Tool Techniques. Sterling
Publishing Co., Inc. Two Park Avenue, New York, N. Y. 388p

Falk, R. H., and Itani, R. Y., (1989). Finite element modeling of wood diaphragms, Journal of
Structural Engineering, 115(3), 543-559, https://www.fpl.fs.usda.gov/documnts

153


https://doi.org/10.1016/j.engstruct.2021.112908
https://doi.org/10.1080/17480272.2022.2099762
https://doi.org/10.3390/f12070959
https://www.fpl.fs.usda.gov/documnts

Icha and Odey, Furniture and Wooden Material Research Journal, 8 (1), 143-155

Falko, F. Ehrenstein, J. Holtgen, C. Blondrath, A. Schéper, L. Goppert, A. and Schmitt, R.,
(2023). Jigs and fixtures in production: a systematic literature review. Journal of
Manufacturing Systems, 72, 373-405, DOI: 10.1016/j.jmsy.2023.10.006

Frontini F., (2023) A novel approach for modelling a historic timber roof, International Wood
Products Journal, 14:1, 21-33, DOI: 10.1080/20426445.2023.2171895

Fleming, S., (2020). Woodworking and Whittling for Kids, Teens and Parents: A Beginner’s
Guide with 51 DIY Projects for Digital Detox and Family Bonding. Stephen Fleming.

Hernandez, R.E., Passarini, L. and Koubaa, A., (2014). Effects of temperature and moisture
content on selected wood mechanical properties involved in the chipping process, Wood
Science and Technology, 48, 1281-1301.

Hong, J. P., and Barrett, D., (2010). Three-dimensional finite-element modelling of nailed
connections in wood, Journal of Structural Engineering, 136(6), 715-722. DOI:
10.1061/ASCEST.1943-541X.0000160

Huber, J. A., Broman, O., Ekevad, M., Oja, J., and Hansson, L., (2022). A method for
generating finite element models of wood boards from X-ray computed tomography scans,
Computers & structures, 260, 106702, DOI: 10.1016/j.compstruc.2021.106702

Hu, W., Yan Liu Y., and Konukcu, A. C., (2022). Study on withdrawal load resistance of
screw in wood-based materials: experimental and numerical, Wood Material Science &
Engineering, DOI: 10.1080/17480272.2022.2084699

Icha, A. A., and Odey, S. O., (2024). Development of a master jig for circular saw machine,
Nigerian Journal of Engineering Research Unicross (NJERU) ISSN No. 2971-785X 1(2),
87-95. https://njerunicross.com.ng/assets/images/articles/1727797215_article.pdf

Icha, A. A., and Odey, S. O., (2024). Modelling and simulation of a tenoning jig to predict
performance and failure mode on circular saw machine, International Wood Products
Journal, 15(1), 44-54. DOI: 10.1177/20426445241226534

Icha A, Odey S, and Ekpe H., (2024). A finite element approach to mvestigate the
performance and reliability of an extension stand in table saw machines, Wood Industry
and Engineering, 6(2), 1-13, https://dergipark.org.tr/en/pub/wie/issue/89190/1503930

Kumar, S. R., Campilho, R. D. S. G., and Silva, F. J. G., (2019). Rethinking modular jigs’
design regarding the optimization of machining times, Procedia Manufacturing, 38, 876—
883. DOI: 10.1016/j.promfg.2020.01.169

Massaro, F. M., and Malo, K. A., (2020). Stress-laminated timber decks in bridges: Friction
between lamellas, butt joints and pre-stressing system, Engineering Structures, 213,
110592, ISSN 0141-0296, DOI: 10.1016/j.engstruct.2020.110592

Odey, S. O., and Icha, A. A., (2022). Finite element modelling and evaluation of a sliding
table jig for mitering operations in circular saw machine, Journal of Contemporary
Research (JOCRES) 1(2), 173 -181. ISSN: 2814-2241

Okpala, C. C., and Okechukwu, E., (2015). The design and need for jigs and fixtures in
manufacturing, Science Research, 3(4), 213-219.

154


https://doi.org/10.1016/j.jmsy.2023.10.006
https://doi.org/10.1080/20426445.2023.2171895
https://doi.org/10.1061/(ASCE)ST.1943-541X.0000160
https://doi.org/10.1016/j.compstruc.2021.106702
https://doi.org/10.1080/17480272.2022.2084699
https://njerunicross.com.ng/assets/images/articles/1727797215_article.pdf
https://doi.org/10.1177/20426445241226534
https://dergipark.org.tr/en/pub/wie/issue/89190/1503930
https://doi.org/10.1016/j.promfg.2020.01.169
https://doi.org/10.1016/j.engstruct.2020.110592

Icha and Odey, Furniture and Wooden Material Research Journal, 8 (1), 143-155

Qiu, L. P., Zhu, E. C., and Van de Kuilen, J. W. G., (2014). Modelling crack propagation in
wood by extended finite element method, European Journal of Wood and Wood Products,
72(2), 273-283, DOI: 10.1007/s00107-013-0773-5

Radhwan, H., Effendi, M. S. M., Rosli, F.R., Shayfull, Z. and Nadia, K. N., (2019) Design
and analysis of jigs and fixtures for manufacturing process, IOP Conference Series
Materials Science and Engineering, 551(1), 012028-012028, DOI:10.1088/1757-
899x/551/1/012028

Salin, J. G., (2008). Modelling water absorption in wood, Wood Material Science and
Engineering, 3(3-4), 102-108. DOI: 10.1080/17480270902781576

Seward, D., (2014). Connections. In: Understanding Structures, Palgrave, London. 231 — 251,
DOI: 10.1007/978-1-349-14809-7_10

SOLIDWORKS., (2021). SolidWorks 2021 [Computer software]. Dassault Systémes.

Tankut, N., Tankut, A. N., and Zor, M., (2014). Finite element analysis of wood materials,
Drvna industrija, 65(2), 159-171. DOI:10.5552/drind.2014.1254

Vasic, S., Smith, I., and Landis, E., (2005). Finite element techniques and models for wood
fracture mechanics, Wood science and technology, 39, 3-17. DOI: 10.1007/s00226-004-
0255-3

Yildirnrm, M. N, Karaman, A., and Akinay, A., (2016). Finite element method application of
wooden furniture, International conference on research in education science,
Bodrum/Mugla/Tiirkiye, 19 - 22 Mayis 2016, ss.1258-1270.

Zhong, W., Zhang, Z., Chen, X., Wei, Q., Chen, G., and Huang, X., (2021). Multi-scale finite
element simulation on large deformation behaviour of wood under axial and transverse
compression conditions, Acta Mechanica Sinica, 37, 1136-1151, DOI: 10.1007/s10409-
021-01112-7

155


https://doi.org/10.1007/s00107-013-0773-5
https://doi.org/10.1088/1757-899x/551/1/012028
https://doi.org/10.1088/1757-899x/551/1/012028
https://doi.org/10.1080/17480270902781576
https://doi.org/10.1007/978-1-349-14809-7_10
https://doi.org/10.5552/drind.2014.1254
https://doi.org/10.1007/s00226-004-0255-3
https://doi.org/10.1007/s00226-004-0255-3
https://doi.org/10.1007/s10409-021-01112-z
https://doi.org/10.1007/s10409-021-01112-z

Mobilya ve Ahsap Malzeme Arastirmalar: Dergisi

Furniture and Wooden Material Research Journal
Research Article - Arastirma Makalesi 2025 - 8(1), 156-171

Performance properties of heat treated and reinforced laminated veneer
lumber with glass fiber

Osman Pergin!*

ABSTRACT: In this study, some technological properties of test samples manufactured from
heat-treated scotch pine (Pinus sylvestris L.) wood were analyzed. For this aim, experimental
specimens were manufactured from heat-treated material at temperatures of 140 °C, 160 °C,
180 °C and 200 °C for 3 hours. Three different experimental groups were prepared from the
sapwood of the log. The first group was massive wood (wood), the second group was
laminated veneer lumber (LVL), and the third group was reinforced laminated veneer lumber
(RLVL) using glass fiber fabric. One-component polyurethane based adhesive was used as a
binder in this study. Air-dry density, equilibrium moisture content (EMC), and compressive
strength parallel to the grain were determined to analyze the effects of the reinforcement on
the LVVL composite. Test results showed that reinforced heat-treated LVL samples with glass
fibers increased both air dry density and compressive strength parallel to the grain. On the
other hand, the EMC values of the test samples decreased with increasing heat treatment
temperature and reinforcement process. Improving the some physical and mechanical
properties of heat-treated wood material can contribute to the widespread use in buildings.

Keywords: Reinforcement, Glass Fiber, Mechanical Properties, Physical Properties

Isil islem uygulanms ve cam elyaf ile glclendirme yapilmus lamine kaplama
kerestenin performans 6zellikleri

OZ: Bu ¢alismada, 1s1l islem uygulanmis saricam (Pinus sylvestris L.) odunundan hazirlanan
deney orneklerinin bazi teknolojik ozellikleri analiz edilmistir. Bu amagla, 140 °C, 160 °C,
180 °C ve 200 °C'de 3 saat siire 1s1l isleme tabi tutulan malzemelerden deney ornekleri
tiretilmistir. Tomrugun diri odun kismindan ti¢ farkli deney grubu hazirlanmistir. Birinci grup
masif ahsap (ahsap), ikinci grup lamine kaplama kereste (LVL) ve tg¢lncl grup ise cam elyaf
kumas kullanilarak gii¢clendirilmis lamine kaplama kerestedir (RLVL). Bu ¢alismada tutkal
olarak tek bilesenli poliliretan bazli yapistirict kullanilmigtir. Takviyenin LVL kompozit
Uzerindeki etkilerini analiz etmek i¢in hava kuru yogunluk, denge rutubet miktar1 (EMC) ve
liflere paralel basing direnci degerleri belirlenmistir. Deney sonuglari, 1s1l islem uygulanmis
ve cam elyaf ile giiglendirilmis LVL numunelerinin hava kurusu yogunluk ve liflere paralel
basing direncini artirdigim gostermektedir. Ote yandan, deney orneklerinin EMC degerleri
uygulanan 1s1l islem sicakliklarina ve yapilan glclenndirme islemine bagli olarak azalmistir.
Isil islem uygulanmis ahsap malzemenin fiziksel ve mekanik o6zelliklerinin gelistirilmesi
binalarda uygun alanlarda kullaniminin yayginlagmasina katki saglayabilir.
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Article history: Received:15.05.2025, Revised: 19.06.2025, Accepted:20.06.2025, Published, 28.06.2025, *opercin@erbakan.edu.tr
Necmettin Erbakan University, Faculty of Fine Arts and Arc., Department of Interior Arc. and Environmental Design, Konya /Tiirkiye
To cite: Percin, O., (2025), Performance properties of heat treated and reinforced laminated veneer lumber with glass fiber,
Furniture and Wooden Material Research Journal, 8 (1), 156-171, DOI: 10.33725/mamad.1699980

156



mailto:opercin@erbakan.edu.tr
https://doi.org/10.33725/mamad.1699980
https://orcid.org/0000-0003-0033-0918

Percin, Furniture and Wooden Material Research Journal, 8 (1), 156-171

1 Introduction

Wood has been widely used in the building and construction industry for a long time due to
its low density but high mechanical properties, good insulation properties, environmentally
friendly material and sustainability, easy availability and aesthetic appeal. In addition to these
superior properties, wood reduces energy consumption during construction, has lower
embodied energy compared to building materials such as steel and concrete, and is a building
material that has a significant effect on reducing the carbon footprint of buildings (Wimmers,
2017; Zhang et al., 2020; Dukarska and Mirski, 2023). Due to these positive features, it is
commonly used in indoor and outdoor decorations, and also, knowing the properties of wood
can lead to its effective and efficient use in relevant areas (Yesil et al. 2021; Uzun and
Sarikahya, 2021; Bacak and Yaldiz, 2023; Oral, 2023).

Nowadays, the need for housing is rapidly increasing all over the world. Factors such as
the decrease in natural forest resources, the inadequacy of existing natural resources to meet
the demand for wood materials, natural disasters (forest fire, landslide), the unavailability of
wood materials in sufficient quantities, and the incorrect and unconscious use of forest
resources have made it necessary to develop new alternative wood products. Initiatives and
efforts for the efficient and effective use of wood materials have visibly increased in recent
years. The need for more efficient and effective use of wood materials and the improvement
of their properties has led to the formation of demand for structural products with different
properties. The use of wood in building construction is limited due to cracking and the
tendency of the fibers to bend, and it can be difficult to obtain the right shapes for use. In
addition, wood material has some undesirable properties such as structural cracks, knots,
growth stress and limited length. This situation encouraged the development of wood-based
structural composite materials (Mengeloglu and Kurt, 2004; Cavus et al., 2013).

Wood and wood-based composite structural materials have been commonly used in the
construction and furniture industry from the past to the present due to their attractive features
such as good aesthetic appearance, natural and sustainable materials, cheap and easy
processing compared to other building materials. Wood-based composite materials are mostly
preferred as an alternative to massive wood in structural applications bacause they offer better
dimensional stability and durability properties (Shi and Walker, 2006; Bekhta et al., 2021).
One of the wood-based composites widely used in the woodworking industry is LVL
composite material. In some applications, wood-based composites are used as an alternative
to other building materials such as iron, steel and concrete because they meet high mechanical
requirements despite their low weight. There are factors arising from production technologies
such as pressing time, pressing temperature, and pressing pressure that affect the quality and
some properties of wood-based structural composites. In addition, other factors such as the
wood species, the type of adhesive, veneer thickness and the layer structure are also effective
in the properties of wood-based composite (Auriga et al., 2020).

The use of LVL, one of the important structural wood-based composites, is steadily
increasing in the woodworking industry. The mechanical performance, dimensional stability,
and the ability to be produced in the required sizes have made it an attractive material for
structural applications. Today, reinforcement technology is considered an applicable and
effective method for improving the mechanical properties of LVLs made of low-quality, fast-
growing wood (Wang et al., 2015).

Fiber reinforced plastics (FRP) are composite materials made from polymer resins as
matrix and glass or carbon fibers as reinforcement. Due to their lightweight, high strength,
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good corrosion resistance, and flexibility in design FRP materials are commonly usage in
different sectors such as civil construction, aerospace, shipbuilding, automobile, etc. In recent
years, the intense interest in advanced composite materials has encouraged the development
of polymer composites (Tan and Pillai, 2010). Fiber-reinforced polymers (FRP) have been
used effectively for decades to maintain structural integrity and increase strength thanks to
their many advantageous properties. Due to its strength properties, this material is preferred
for all types of reinforcement and support connections in areas such as restoration
applications, I-beam production, bridge decking, wooden beams and columns. Furthermore,
FRP reinforcement has the potential to increase the flexural stiffness and ultimate bearing
capacity of timber beams (Karaman, 2025). Fiber-reinforced polymer (FRP) composites such
as E-glass FRP, carbon FRP, and aramid FRP (AFRP) are commonly used as reinforcement
materials to improve the physical and mechanical properties of wood and wood-based
composites (Karaman et al., 2021).

In recent years, solid wood and wood-based materials have been widely used in many
areas due to their structural properties. Wood materials attract attention as one of the most
versatile and sustainable building materials in terms of their favorable properties. Because
wood is a natural material, it can be easily damaged by fungi and insects. In addition, its
volumes change due to moisture adsorption and desorption properties. These are negative
properties that can limit the effective use of wood material in some building applications. Due
to heat treatment, the biological durability of wood material increased and dimensional
stability is achieved (Korkut and Budakci, 2010).

Heat treatment, an environmentally friendly wood treatment method, is an effective
alternative process for improving certain properties of wood without the use of chemicals
(Johansson, 2008). Depending on the heat treatment conditions applied, there are changes in
the properties of the wood material. Depending on the temperature, the biological durability
of the wood material improves. On the other hand, heat treatment applied at high temperatures
decreases the mechanical properties of the wood material. Heat treatment applied at high
temperatures increases the brittleness of the wood material and weakens the mechanical
properties. Decreases in mechanical strengths adversely affect the use of heat-treated wood
material as a load-bearing system in buildings (Jamsa and Viitaniemi, 2001). Bekhta and
Niemz (2003) observed a decrease between 4-9% in modulus of elasticity and about 44-50%
of bending strength in Norway spruce wood heat-treated at 200 °C for 2 and 24 hours.
Likewise, Gunduz et al., (2009) affirmed that the compression strength of Hornbeam
(Carpinus betulus) wood approximately decreased by 30%.

In previous studies, the mechanical properties of heat-treated wood materials were
analyzed in detail, and it was determined that the mechanical properties were negatively
affected and decreased (Yildiz et al., 2006; Shi et al., 2007). The technologies used in fiber
production are constantly improving, and this is considered as an effective method that offers
significant opportunities to improve the properties of wood materials with low quality and
mechanical properties. The use of wood materials with low quality and poor mechanical
properties is limited, especially in load-bearing systems. Strengthening wood materials with
different methods can contribute to their widespread use. In this respect, reinforced laminated
veneer lumber can be an alternative to solid wood with high quality and high mechanical
properties (Wang et al., 2015). The present study is aimed to determine the effect of the
additions of plain weave glass fibers between wood layers bonded with polyurethane (PU)
resin on density, equilibrium moisture content, and compressive strength parallel to the grain
of the manufactured panels using heat-treated scotch pine (Pinus sylvestris L.) veneers.
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2 Materials and Methods
2.1 Materials

Scotch pine (Pinus sylvestris L.) wood, commonly used in furniture and woodworking
industries, was chosen as test material in this study. Scotch pine wood material has been
preferred because it is widely available in our country and is widely used industrially. The
wood material was obtained by purchasing it from the sawmill in an air-dry condition. The
preparation of the test specimens was carried out according to the principles of TS 2470
(1976). The draft timbers from which the test samples will be prepared are without any
defects and are properly grown timbers. After purchasing the wooden panels, they were cut
into 6 x 75 x 450 cm (tangential x radial x longitudinal) dimensions and prepared for heat
treatment. The cut draft boards were conditioned at 20 £2°C and 65 +5% relative humidity
before heat treatment.

Glass fiber fabric can be produced in different weights. The glass fiber fabrics used in this
study were supplied by Dost Kimya company. The glass fiber fabrics have a plain weave type
and a weight of 200 g/m?. Materials used in experiments are given in Figure 1.

Figure 1. Materials used in experiments (a: plain woven glass fiber, b: adhesive, c: wood
veneer)

In this study, one component polyurethane adhesive (Marin&Marin) (Polisan) was used as
a binder because it is commonly used in the woodworking and furniture industries. The
density properties of the adhesive used are 1.11 g/cm?, viscosity 3000-5500 cps, pH = 7.0,
and amount of use 180-200 g/m?.

2.2 Method

Afterwards, draft boards that reached equilibrium moisture in the air conditioning cabin,
heat treatment was applied to the specimens at 140 °C, 160 °C, 180 °C, and 200 °C for 3 h
under atmospheric pressure. After heat-treatment, all wood panels were cut into 4 x 75 x 450
cm (tangential x radial x longitudinal) dimensions by using a circular saw machine,
subsequently heat-treated and non-heat-treated specimens were conditioned at 20 + 2 °C with
65 + 5% relative humidity according to TS 642 (1997) in air conditioning cabinet.

LVL test specimens produced within the scope of this study consist of 5-layer wood
material, while RLVL test specimens consist of 5-layer wood veneers and glass fiber placed
between them according to TS EN 386 (1999) (Figure 2).
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Figure 2. Combination of reinforced LVL samples (mm)

In the production of the test specimens, the adhesive was applied to the veneer surfaces
with a brush. Approximately 180 g/m? of adhesive was applied between two wood veneers.
Approximately 300 g/m? was applied between the glass fiber fabric and wood veneer due to
the surface properties. The pressing of the composite materials was carried out in a hydraulic
press. In the pressing process, the pressure was set to 0.9 N/mm?, the press time was 200
minutes, and the press temperature was set to 25 °C. The draft composite sheets were kept for
about 7 days for full curing process after pressing. After this process, 5 mm was cut from the
edges of the LVL and RLVL draft sheets. Then, wood, LVL and RLVL test specimens were
produced from these draft materials. The wood and composite specimens were conditioned at
20£2°C and 65+5% relative humidity for at least two weeks. The compressive strength
parallel to the grain, density and equilibrium moisture content (EMC) were tested based on
the TS 2595 (1997), TS 2472 (1976), and TS 2471 (1976) standards, respectively. The
dimensions of the test samples used in the experiments are a x 20 x 30 mm (thickness, width,
length). Ten test specimens were prepared for each group in this study. The thicknesses of the
test samples were approximately average between 19.98-20.04 mm for wood, approximately
average between 20.11-20.43 mm for LVL, and approximately average between 20.51-21.07
mm for RLVL samples. Compressive tests were performed using a Universal Test Machine
(Instron-5969) with a 4 mm/min loading speed. Compressive strength parallel to the grain test
setup and test samples is given in Figure 3.

Figure 3. Compressive strength parallel to the grain test setup and test samples

1.3. Statistical analyses

The MSTAT-C statistical program was used in statistical evaluations. Variance analysis
(ANOVA) was applied, and when the difference between the groups in the data was
significant, the difference between the mean values was compared with the Duncan test. In
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this case, homogeneity groups were determined depending on the lowest significant
difference (LSD) critical value in the ranking of the factors affecting the results.

3 Results and Discussion

The statistical data of the air dry density value of the test samples of wood, LVL, and
RLVL manufactured from heat-treated scotch pine veneer are given in detail in Table 1.
Average air-dry density values of the wood test specimens vary between 0.441-0.467 g/cm?,
0.456-0.482 g/cm?® for LVL samples and 0.471-0.494 g/cm?® for reinforced LVL samples.
According to Table 1, the highest density value was found in the unheated and reinforced test
specimens as 0.494 g/cm? and the lowest in the wood specimens heat-treated at 200 °C as
0.441 g/cm?,

Table 1. Statistical results for air dry density values

Experimental Mean Min Max

pG roup Heat treatment (glem?) HG (glem?) (glem?) SD
Unheated 0.467 [ 0.448 0.479 0.01066
140 °C 0.461 K 0.441 0.475 0.01155
Wood 160 °C 0.456 L 0.441 0.471 0.01053
180 °C 0.449 M 0.435 0.465 0.01156
200 °C 0.441 N 0.423 0.462 0.01265
Unheated 0.482 D 0.466 0.508 0.01342
140 °C 0.475 F 0.457 0.495 0.01131
LVL 160 °C 0.469 H 0.447 0.488 0.01172
180 °C 0.463 J 0.441 0.479 0.01347
200 °C 0.456 L 0.429 0.473 0.01238
Unheated 0.494 A 0.477 0.512 0.01292
140 °C 0.491 B 0.476 0.517 0.01405
RLVL 160 °C 0.484 C 0.473 0.501 0.01586
180 °C 0.477 E 0.462 0.496 0.01058
200 °C 0.471 G 0.449 0.483 0.01135

LSD +0.0008845

Mean: Average value, Min: Minumum value; Max: Maximum value, SD: Standard deviation; HG: Homogeneity
groups

Variance analysis (ANOVA) regarding the effects of reinforcement and heat treatment
temperatures on air dry density, equilibrium moisture content, and compressive strength
parallel to the grain of the produced test samples usage heat-treated scotch pine (Pinus
sylvestris L.) veneers are given in Table 2. Accordingto the test results, the effects of heat
treatment condition and reinforcement process on density properties of wood, LVL and
RLVL specimens were statistically significant (p<0.05). However, dual interactions of these
factors on the density values were not found to be significant.

Density is an important physical property of the usability of wood and it significantly
affects mechanical properties of wood and wood-based composites. Density decreased with
increasing heat treatment temperature in all test groups according to Table 1. On the other
hand, the density values of LVL and RLVL are higher than those of heat-treated solid wood
under the same conditions. The increase in density in LVL compared to wood may be due to
the adhesive applied between the veneers. The density of LVL has increased due to the
adhesive and pressure applied in the production of laminated wood materials. However, the

161



Percin, Furniture and Wooden Material Research Journal, 8 (1), 156-171

density values of RLVL are higher than both wood and LVVL samples. This increase may be
due to more adhesive being applied between the wood veneers, press pressure and glass fiber
fabric used in the reinforcement process. Bal (2014a) reported significant increases in the
density values of laminated veneer lumber reinforced with glass fiber in his study. In another
study, Bal (2014b) reinforced the veneers obtained from poplar wood with glass fiber and
reported that the density values of the obtained composite materials increased.

According to Table 1, the results showed that the density of wood samples decreased after
heat treatment. Heat-treated wood samples at a temperature of 200 °C gave the lowest air-dry
density value when compared with other heat-treated specimens. The weight of wood material
after heat treatment decreased with an increase in temperature. These changes after heat
treatment of wood material at high temperatures may be due to loss of material in the cell
walls, degradation of extractive substances, and degradation of hemicellulose (Korkut et al.,
2008a)

Table 2. ANOVA results for tested properties of heat-treated and reinforced wood specimens

Degress of Sumof Mean F

Test Source Freedom Squares Squares value Sig.
Reinforcement (A) 2 0.020 0.010 71.1877  0.0000
Heat treatment (B) 4 0.012 0.003 20.5668  0.0000
Density AxB 8 0.000 0.000 0.0557
Error 135 0.019 0.000
Total 149 0.052
o Reinforcement (A) 2 11.198 5.599 14.3573  0.0000
Equilibrium a5t treatment (B) 4 330.884 84971  217.8896 0.0000
Tgr'fé”r{f AXB 8 4.675 0584  1.4986  0.1633
(EMC) Error 135 52.646 0.390
Total 149 408.404
) Reinforcement (A) 2 472.144 236.072 20.7395  0.0000
Compressive et treatment (B) 4 593.629  148.407 13.0380  0.0000
par;tlrlirl‘%ghthe AXB 8 4.863 0608  0.0534
grain Error 135 1536.664 11.383
Total 149 2607.299

Reinforcement: Wood, LVL, RLVL; Heat treatment: 140 °C, 160 °C, 180 °C, and 200 °C.

The determined EMC values of the experimental groups are given in Table 3. According to
these results, EMC values in all heat-treated experimental groups decreased with increasing
heat treatment temperature. The highest EMC value was found in specimens without heat
treatment, while the lowest was found in specimens heat-treated at 200 °C in all experimental
groups. In addition, heat treatment showed a similar effect in wood, LVL and RLVL
composites.

The equilibrium moisture content of heat-treated wood material at high temperatures
decreases, and the wood becomes less hydrophilic. An important reason for this change is the
decrease in the hydroxyl groups in hemicellulose and cellulose, which are hydrophilic
components of wood. Lignin branching also contributes to this change (Korkut and Kocaefe
2009; Esteves and Pereira 2009). In the literature, it is stated that the heat treatment of wood
results in a reduction in accessible hydroxyl content (Hill et al., 2021). Also, the
hygroscopicity of the heat-treated wood material decreases significantly and the dimensional
stability of the wood material increases. In addition, especially at high temperatures, the
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hydroxyl groups in the wood material break down and the wood cannot take in as much water
as before. Therefore, the sorption capacity of wood may decrease significantly (Aydemir and
Gundiz, 2009). Especially at high temperatures, heat treatment can effectively reduce the
hygroscopicity of wood because it significantly thermally degrades hemicellulose (Li et al.
2017). In another study, it was stated that the dimensional stability of the wood material
improved with the decrease in hygroscopicity after heat treatment, and esterification of
hydroxyl groups and crosslinking reactions were effective in the decrease of hygroscopicity
(Tjeerdsma and Militz, 2005). Heat treatment reduces the equilibrium moisture content of the
wood material, and the EMC value is significantly lower than in untreated wood at high
temperature. Since the hydroxyl groups of heat-treated wood are decreased, cell wall
hygroscopicity is reduced, and therefore, the expansion of the wood is reduced (Mayes and
Oksanen, 2002). Sivrikaya et al., (2022) reported that the EMC value of Scotch pine (Pinus
sylvestris L) samples decreased significantly after the vacuum-heat treatment process.

According to Table 2, the effect of heat treatment condition and reinforcement process on
EMC values of wood, LVL and RLVL specimens was statistically significant (p < 0,05).
However, the dual interaction of these factors on the EMC value was not found to be
significant.

Table 3. Statistical results for EMC values of test specimens

Wood Heat Mean HG Min Max sD
type treatment (%) (%0) (%0)
Unheated 13.36 A 12.11 14.32 0.69638
Wood 140 °C 12.77 ABC 11.72 13.71 0.70845
160 °C 12.13 EFG 11.05 13.48 0.88179
180 °C 11.72 G 11.55 12.45 0.54589
200 °C 8.91 JK 8.11 10.11 0.58608
Unheated 13.15 AB 12.32 14.65 0.76724
LVL 140 °C 12.59 CDE 11.85 13.48 0.58031
160 °C 11.98 FG 10.48 12.75 0.78061
180 °C 11.10 H 10.62 12.17 0.44158
200 °C 9.12 J 8.11 9.69 0.57814
Unheated 13.01 ABC 12.12 14.13 0.56766
RLVL 140 °C 12.34 DEF 11.61 13.11 0.55542
160 °C 11.66 G 10.75 12.65 0.64684
180 °C 10.21 | 9.75 11.33 0.45753
200 °C 8.55 K 7.85 9.11 0.41363
LSD +0.5523

According to Table 3, the highest EMC value was found in unheated wood specimens as
13.36 %, and lowest in heat-treated at 200 °C and reinforced specimens as 8.55%. EMC
values exhibited similar behavior in all experimental groups. The lowest EMC was
determined in specimens heat-treated at 200 °C compared to the experimental groups without
heat treatment. On the other hand, the EMC values of all heat-treated and reinforced
experimental groups are lower than those of solid wood and LVL samples treated under the
same conditions. Furthermore, the EMC values of all LVL samples are lower than those of
solid samples except for the 200 °C heat-treated samples. This may be because the adhesive
applied between the wood veneers and the glass fiber used for reinforcement process prevents
the transport of moisture. This may be due to the hydrophobic properties of the adhesive used in the
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bonding process. Bal and Bektas (2012) analyzed that the EMC of LVL composite materials
manufactured from Eucalyptus grandis, Populus x euramericana, and Fagus orientalis
woods using some adhesives. They reported that the EMC values of LVL were lower than
solid wood. LVL composites may have lower EMC values than solid wood due to press
temperature, drying and adhesive properties (Shukla and Kandem, 2008).

Compression strength parallel to the grain value and statistics properties for materials are
given in Table 4. The results of the variance analysis performed to determine the effect of heat
treatment and reinforcement process on the compressive strength parallel to the grain values
are given in Table 2. According to these results, the effect of thermal treatment conditions and
reinforcing process on compressive strength parallel to the grain properties of wood, LVL and
RLVL specimens was statistically significant (p < 0,05). However, dual interactions of these
factors on the compressive strength parallel to the grain values were not found to be
significant.

A general increase in the compressive strength parallel to the grain was determined as the
applied heat treatment temperature increased according to the findings in Table 4. The
comparison results of the average the compressive strength parallel to the grain values using
the LSD: 1.721 N/mm? critical value for heat treatment and LSD: 1.333 for reinforcement
process are given in Table 5. Accordingly, heat treatment temperature and reinforcement
processes gave statistically significant values on the compressive strength values parallel to
the grain.

According to Table 5, the compressive strength parallel to the grain increased for all
samples except those heat-treated at 200 °C when compared to the unheated specimens. In
general, heat treatment at lower temperatures led to an increase in compressive strength
parallel to the grain (Figure 4). However, the compressive strength tended to decrease at
higher temperatures, particularly at 200 °C. According to Figure 4, when interactions of the
heat treatment and reinforcement process, the highest compressive strength (51.21 N/mm?)
was observed in samples heat-treated at 180 °C, while the lowest (45.81 N/mm?) was found in
samples heat-treated at 200 °C.
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Figure 4. Compressive strength parallel to the grain according to heat treatment and
reinforcement process
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The increases in compressive strength parallel to the grain are due to the decrease in the
relative water content as a result of heat treatment. Due to the degradation or crystallization of
amorphous cellulose after heat treatment, the amount of highly ordered crystalline cellulose
increases. Because crystalline cellulose exhibits an anisotropic structure, its solid and rigid
structure causes an increase in compressive strength parallel to the grain (Korkut and
Kocaefe, 2009). It is reported in a similar study conducted by Boonstra et al. (2007), that the
increase of the compressive strength in longitudinal direction might be due to a lower amount
of bound water in heat-treated wood. Also, it is reported that the amount of the highly ordered
crystalline cellulose increases due to degradation and crystallization of amorphous cellulose
during heat treatment. Since crystalline cellulose shows significant anisotropy, its stiff and
rigid structure might be responsible for the observed increase of the compressive strength in
the longitudinal direction. An increased cross-linking of the lignin polymer network could be
another reason for this improvement (Boonstra et al., 2007). The findings obtained from this
study are generally consistent with the literature. In a similar study, Yapici et al., (2010)
determined the compressive strength of bonded Scotch pine (Pinus sylvestris L.) wood
samples with D-VTKA adhesive after heat treatment at 110, 130, 150 and 170°C. As a result,
they reported that the compressive strength of the bonded samples increased after heat
treatment while the heat treatment applied at high temperatures decreased the compressive
strength. Boonstra et al., (2007) analyzed the changes in compressive strength values parallel
to the grain after heat treatment of different wood materials, including Scots pine (Pinus
sylvestris L). As a result, it was reported that the compressive strength values parallel to the
grain of heat-treated wood materials were 28% higher than the non-heat-treated group. On the
other hand, Korkut et al., (2008b) applied heat treatment to Scots pine (Pinus sylvestris L) test
samples at varyings temperatures (120 °C, 150 °C and 180 °C) and durations (2, 6 and 10
hours), and analyzed the effect of heat treatment on some physical and mechanical properties.
As a result, it was reported that the compressive strength values parallel to the grains
decreased in all heat-treated experimental groups compared to the control specimens.

The average compressive strength values of LVLs are higher than those of wood treated
under the same conditions. This may be due to the higher density values of LVL samples
compared to wood. Press conditions and the adhesive applied to the veneers increased the
density values of LVL samples. This may have caused LVL samples to give higher
compressive strength values compared to solid wood. Density is one of the important physical
properties of wood and is closely related to other mechanical properties, such as compressive
strength values parallel to the grain (Arriaga et al., 2023). Keskin et al., (2003) analyzed some
physical and mechanical properties including compressive strength parallel to the grain of
laminated veneer lumber obtained from scotch pine (Pinus sylvestris L.) wood using PVAc-
D4 adhesive. As a result, they reported that the compressive strength values of LVL test
specimens were 4.52 % higher than solid wood.

According to Table 5, the average compressive strength parallel to the grain of the
reinforced LVL (50.70 N/mm?) is higher than that of wood (46.36 N/mm?) and LVL (48.75
N/mm?) by 9% and 4%, respectively. Also, the compressive strength of LVL samples was 5%
higher than wood. According to these results, there was a general increase in the compressive
strength parallel to the grain in all heat-treated and reinforced experimental groups, which was
caused by the increase in density values due to the combination of adhesive and
reinforcement. It is thought that the increase in density, the adhesive used, and reinforcing
materials applied between the wood veneers are effective in the emergence of these results. In
the literature, Basterra et al., (2012) obtained double beams from poplar (Populus
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xeuramericana cv. 1-214) wood samples reinforced with glass fiber, carbon fiber and flax
fiber materials. As a result of the mechanical tests using the reinforced materials in the
experimental results, there were significant increases in the strengthening studies with carbon
fiber, while no statistically significant increase was determined in the strengthening studies
with glass fiber and flax fiber. Fiorelli and Dias (2006) bonded glulam samples prepared from
Pinus caribaea var. hondurensis wood reinforced with different thicknesses glass fiber fabrics
with Phenol-resorcinol (AxoNobel) adhesive and analyzed some mechanical properties. As a
result, it was reported that the mechanical properties of glass fiber reinforced glulam
composite materials increased. In a similar study, Bal and Ozyurt (2015) analyzed the
changes in some physical and mechanical properties of poplar composite materials reinforced
with glass fiber fabrics. As a result, it was reported that glass fiber significantly increased the
density, modulus of elasticity and shock resistance while decreasing the tensile-compression
resistance, thickness swelling and water absorption percentages. In another study, Cigdem and
Percin (2023) reinforced veneers obtained from beech wood with carbon fiber and glass fiber
fabrics using phenol formaldehyde (FF) adhesive after heat treatment at 150, 175 and 200°C
for 3 hours. According to the results, increases in the compressive strength values parallel to
the grain of the heat-treated composite materials reinforced with carbon fiber and glass fiber
fabrics were determined. Similarly, Percin (2023) heat-treated black pine (Pinus nigra) wood
materials were reinforced using carbon fiber fabric after heat treatment at 150, 175 and 200
°C for 2 hours. As a result, the compressive strength parallel to the grain of the reinforced test
specimens was higher than that of the control group. In another study Karaman (2025)
reinforced beech samples with basalt fiber reinforced polymer (BFRP), glass fiber reinforced
polymer and plaster mesh (PSM) using different wooden dowel species. He reported the
significant effects of reinforcement on tensile strength perpendicular to the grains.

Table 4. Compressive strength parallel to the grain of the experimental group

Wood Heat Mean HG Min Max sD
type treatment (N/mm?) (N/mm?) (N/mm?)
Unheated 4513 GH 41.14 50.92 3.18
140 °C 46.17 FGH 41.48 52.14 3.33
Wood 160 °C 48.14 DEF 43.29 53.24 3.12
180 °C 48.97 CDEF 44.34 53.45 2.85
200 °C 43.39 H 40.44 47.49 2.75
Unheated 47.12 EFG 42.34 53.11 3.35
140 °C 48.23 DEF 43.69 53.23 291
LVL 160 °C 50.62 ABCD 4657 55.39 3.01
180 °C 51.53 ABC 46.59 56.11 2.97
200 °C 46.27 FGH 42.49 51.67 2.91
Unheated 49.71 BCDE 45.36 56.52 3.20
140 °C 50.27 ABCD 45.89 56.17 3.42
RLVL 160 °C 52.61 AB 47.12 59.12 3.63
180 °C 53.12 A 47.49 60.39 452
200 °C 47.78 DEFG 41.44 56.17 477
LSD +2.981
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Table 5. Comparison of average compressive strength parallel to the grain according to heat
treatment and reinforcement

Heat treatment

Mean (N/mm?) HG
Unheated 47.32 BC
140 °C 48.22 B
160 °C 50.46 A
180 °C 51.21 A
200 °C 45.81 C
LSD +1.721
Reinforcement
Wood 46.36 C
LVL 48.75 B
RLVL 50.70 A
LSD +1.333

4  Conclusion

In this study, air dry density, EMC, and compressive strength parallel to the grain were
analyzed for solid wood, LVL, and RLVL samples obtained from heat-treated scotch pine
(Pinus sylvestris L) at 140 °C,160 °C,180 °C and 200 °C for 3 h. According to the results
obtained from the study;

e Density, EMC and compressive strength parallel to the grain were affected by heat
treatment, lamination and reinforcement processes.

e Density values decreased with increasing heat treatment temperature in all experimental
groups. The highest density was obtained for reinforced and unheated samples as 0.494
g/cm®. The lowest density was optained for heat-treaed samples at 200 °C as 0.441
g/cmd.  Air-dry density values of LVL samples were higher than wood, while RLVL
samples were higher than both LVL and wood samples.

e Applied heat treatment, lamination process and glass fiber reinforcement reduced the
EMC values of the test samples. The highest EMC was recorded in unheated wood as
13.36%, and the lowest in reinforced and heat-treated samples at 200 °C as 8.55%.

e The compressive strength parallel to the grain of the heat-treated and then glass fiber
reinforced scotch pine samples was improved. The highest CS value was found to be
53.12 N/mm? in samples strengthened and heat treated at 180 °C, and the lowest CS
value was found to be 43.39 N/mm? in wood heat treated at 200 °C. In addition, only
the lamination process caused slight increases in compressive strength compared to
wood samples.

e In future studies, it may be recommended to investigate the changes in physical and
mechanical properties of heat-treated wood materials at different temperatures by
reinforcing them with reinforcement materials, such as Aramid FRP (AFRP), Carbon
Fiber Reinforced Polymer (FRP), Kevlar fiber, and also natural fibers such as linen,
hemp, jute and bamboo, ramie, etc.
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Improving durability and mechanical resistance of wood/plastic composites
through boric acid treatment

Seyyed Khalil HosseiniHashemi'* ()| Alireza Badritala!>’, Maliheh Akhtari?*

ABSTRACT: In this study, the effects of boric acid (BA) treatment on the mechanical
properties and decay resistance of poplar wood flour/polypropylene composites (WPCs) were
investigated. Three composite groups were prepared: untreated WPC (UT-WPC), BA-treated
WPC with in-process powder addition (BA-T-WPC), and BA-pretreated WPC using aqueous
BA solution (BA-PT-WPC). Mechanical properties including flexural strength and modulus,
tensile strength and modulus, hardness, and impact strength were evaluated before and after
exposure to fungal decay (Trametes versicolor). The results showed that boric acid treatment
improved several mechanical properties of undecayed WPC. Specifically, BA-T-WPC
exhibited the highest flexural strength (50.77 MPa) and modulus (3473 MPa), while BA-PT-
WPC demonstrated superior tensile modulus (4563 MPa) and impact strength (49.40 J/m).
Decay exposure decreased all mechanical properties across all groups, although BA-treated
samples retained slightly higher performance compared to the untreated control. These
findings suggest that boric acid can effectively enhance the mechanical behavior and decay
resistance of WPCs through both direct and pretreatment methods.

Keywords: WPC, poplar wood, boric acid, durability, physical and mechanical resistance

Ahsap/plastik kompozitlerin dayanikliligi ve mekanik direncinin
borik asit uygulamasiyla artirilmasi

OZ: Bu caligmada, borik asit (BA) isleminin kavak odun unu/polipropilen kompozitlerinin
(WPC'ler) mekanik dzellikleri ve ¢iiriimeye kars1 direnci iizerindeki etkileri arastirilmistir. Ug
kompozit grubu hazirlanmistir: islenmemis WPC (UT-WPC), islem sirasinda toz halinde BA
ilave edilerek hazirlanmis WPC (BA-T-WPC) ve sulu BA ¢ozeltisiyle 6n islem uygulanmis
WPC (BA-PT-WPC). Egilme direnci, egilme moduli, cekme direnci,cekme moddli, sertlik,
ve darbe direnci gibi mekanik Ozellikler Trametes versicolor mantariyla ¢iiriitme Oncesi ve
sonrast degerlendirilmistir. Sonuglar, borik asit isleminin ¢lirimemis WPC'nin bazi mekanik
ozelliklerini gelistirdigini gdstermistir. Ozellikle, BA-T-WPC en yiiksek egilme direnci
(50.77 MPa) ve modulind (3473 MPa) sergilerken, BA-PT-WPC en yiksek ¢cekme moduli
(4563 MPa) ve darbe dayanimi (49.40 J/m) gostermistir. Cliriimeye maruz kalma tim
gruplarda mekanik ozellikleri azaltmis olsa da, BA ile muamele edilmis Ornekler, islem
gérmemis kontrol grubuna kiyasla biraz daha yliksek performans gostermistir. Bu bulgular,
borik asidin hem dogrudan hem de 6n islem yoluyla WPC'lerin mekanik davranisim1 ve
clirlimeye kars1 direncini etkili bir sekilde artirabilecegini gostermektedir.

Anahtar kelimeler: WPC, kavak agaci, borik asit, dayaniklilik, fiziksel ve mekanik direng
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1 Introduction

Wood plastic composites (WPCs) are important and promising engineered wood products
that are widely used in areas like landscaping, transportation, municipal engineering, and
construction. Wood plastic composites (WPCs) have advanced significantly within the
thermoplastic industry, being utilized in a variety of applications such as interior automotive
panels, garbage containers, crates, and garden tools (Hornsby et al., 1997). They have also
seen substantial development in exterior nonstructural or semi-structural building products,
including door and window frames, siding, decking, cladding, floor and roof tiles, and fencing
(Schneider et al., 2000).

They incorporate natural fibers, including wood flour, pulp fibers, and cellulose fibers, to
reinforce thermoplastics such as polyethylene (both high and low density), polypropylene,
and PVC. The appeal of using these natural fibers lies in several advantages, including
reduced production costs and density, simplified preparation processes, lower energy
consumption during processing, biodegradability, and broader applicability compared to
traditional reinforcing fibers like glass and carbon (Chaharmahali et al., 2010).

WHPCs are recognized for their excellent durability, dimensional stability, high rigidity, and
relatively low density (Schneider et al., 2000; Ashori, 2008). However, their broader adoption
is significantly limited due to their inadequate fire resistance (Mouritz and Gibson, 2006;
Chapple and Anandjiwala, 2010).

In light of the global crisis regarding the scarcity of forestry and fossil oil resources,
projections suggest that the use of natural fiber-reinforced composites is expected to increase
from 12% in 2010 to 18% by 2020, and further to 25% by 2030 (Gurunathan et al., 2015). As
the demand for engineered wood products rapidly increases across various applications, wood
plastic composites (WPCs) have emerged as a leading type of natural fiber-reinforced
composite. WPCs are primarily made from thermoplastic polymers such as polyethylene
(PE), polypropylene (PP), polyvinyl chloride (PVC), and polystyrene (PS), combined with
biomass particles and fibers sourced from forestry and agricultural waste, including wood,
bamboo, straw, stalks, husks, and bast. These materials are regarded as essential and
innovative options for both residential and industrial construction (Adhikary, 2011).

Borates offer several benefits as wood preservatives. They not only provide flame
retardation but also protect against organisms that damage wood, possess low toxicity to
mammals, and have low volatility. Additionally, borates are both colorless and odorless and
non-corrosive, have been utilized for many years as low-toxicity wood preservatives mainly
to enhance biological resistance and thermal stability in wood (Murphy, 1990; Drysdale,
1994; Chen et al., 1997; Yalinkilic et al., 1997). However, they tend to leach from treated
wood that is in contact with the ground during rainfall (Yalinkilic et al., 1997). As a result,
boron compounds are primarily used in indoor settings. The future use of boron preservatives
relies on enhancing their stability in wood for effective protection over a significant duration
(Nicholas et al., 1990) and improving the negative characteristics of boron-treated wood
through additional treatments (Yalinkilic et al., 1997). Consequently, the combination of
borates with other preservatives has been thoroughly studied for outdoor wood preservation
(Devi and Maji, 2007; Murphy et al., 1995).

Fruno et al., (1993) explored the use of boron compounds, including boric acid, borax,
boron trioxide, ammonium borate, and potassium borate, to create insoluble organic
substances in wood through a reaction with water glass acid treatment. They discovered that
utilizing the water glass-boron compound system enabled the formation of a composite
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material that offered improved dimensional stability, reduced hygroscopicity, and enhanced
fire resistance. Bal et al., (2023) found that increasing wood flour in composite boards made
from waste plastic furniture parts decreased flexural and tensile strengths and elongation,
while increasing density, hardness, and stiffness. TGA and DSC analyses showed the plastics
mainly consisted of LLDPE and PP, with decomposition temperatures rising as wood flour
content increased.

Thermal treatment of wood flour affects the physico-mechanical properties of wood plastic
composites, with some improvements in strength and reduced water uptake at specific
temperatures and durations. Fungal decay generally decreased mechanical properties, but
treated samples showed better resistance in moisture-related parameters compared to decayed
ones (Hosseinihashemi and Arwinfar, 2023). Baysal et al., (2007) examined the physical,
biological, mechanical, and fire properties of wood polymer composites (WPC) made from
vinyl monomers such as styrene (ST), methylmethacrylate (MMA), and a 50:50 mixture of
the two, using treated sapwood from Scots pine (Pinus sylvestris L.). They first impregnated
the wood with a 1% concentration of a boric acid (BA) and borax (BX) mixture before
applying the monomer treatment. Their findings indicated that the vinyl monomers
significantly improved the physical properties of the wood, resulting in increased anti-
swelling efficiency (ASE), specific gravity (SG), and decreased water absorption (WA).
Furthermore, the modulus of elasticity (MOE) and modulus of rupture (MOR) for the treated
samples surpassed those of untreated control specimens. Although the ASE, MOE, and MOR
for the WPC pre-impregnated with the BA and BX mixture were somewhat diminished, its
fire resistance was enhanced. Bal (2022) investigated the production of wood plastic
composites (WPCs) using a flat pressing method without an extruder, utilizing linear low-
density polyethylene and pine wood flour with varying filler rates (0%, 10%, 20%, 30%, and
40%). Results indicate that increasing wood flour content enhances density, bending strength,
and stiffness, while reducing elongation at break, highlighting the effects of filler percentage
on WPC performance.

The aim of this study was to investigate the effect of boric acid (BA) treatment on the
decay, water, and mechanical resistance performances of impregnated beech wood flour (WF)
filled polypropylene composites.

2 Material and Method
2.1 Polymer matrix, reinforcing filler, coupling agent, and preservative

Poplar wood flour (PWF) was used as the lignocellulosic filler and sourced from the Amol
farms of Iran. The thermoplastic matrix was polypropylene (PP) with a melt flow index of 10
9/10 min, supplied by the Tabriz Petrochemical Company of Iran. The maleic anhydride
polypropylene (MAPP) from Eastman Chemical Products, Inc., as Epolene G-3003™
polymer with 8% acid anhydride and a molecular weight of 103.500 was used as a
compatibilizer to improve adhesion between the hydrophilic wood flour and the hydrophobic
PP matrix. Boric acid (HsBOs, >99% purity) was obtained from laboratory of Department of
Wood Science and Paper Technology, Ka.C., Islamic Azad University.

2.2 Composite formulation

The formulations of the composite materials are presented in Table 1. Three groups were
prepared:

UT-WPC: Untreated poplar wood flour/polypropylene composite, containing 40 wt%
PWF, 58 wt% PP, and 2 wt% MAPP.
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BA-T-WPC: Composite with boric acid added as powder (1 wt%) during the mixing
process (treated in-process).

BA-PT-WPC: Composite containing boric acid-pretreated wood flour soaked in a 1 wt%
aqueous solution of boric acid and oven-dried prior to compounding.

Table 1. Formulation of composites

WPC Code BA Concentration Wood flour Polypropylene MAPP
(wt %) (wt %) (wt %) (wt %)
UT-WPC 0 40 58 2
BA-T-WPC 1 in powder 39 58 2
BA-PT-WPC 1 in solution 40 58 2

UT-WPC: untreated poplar wood flour/plastic composite; BA-T-WPC: boric acid treated poplar wood flour in manufacturing
process/plastic composite; BA-PT-WPC: boric acid pretreated poplar wood flour/plastic composite; MAPP: maleic anhydride

polypropylene.
2.3 Pretreatment and processing

For BA-PT-WPC, the poplar wood flour was immersed in a 1 wt% boric acid solution for
24 hours at room temperature. The soaked flour was then dried in an oven at 103 £2 °C until
constant weight was achieved.

For BA-T-WPC, boric acid powder (1 wt%) was directly added to the blend during
compounding without prior treatment of the wood flour.

All formulations were mixed using a twin-screw extruder operating at 160-180 °C with a
screw speed of 60 rpm. The compounded materials were then pelletized and molded into
standard test specimens by compression molding at 180 °C under 5 MPa pressure for 10
minutes, followed by cooling under pressure.

2.4 Decay resistance test

To evaluate biological durability, half of the test specimens were exposed to decay using
the agar-block test method (ASTM D1413), with Trametes versicolor (white-rot fungus) as
the degrading agent. Samples were incubated for 14 weeks at 23 £ 2 °C and 75% relative
humidity (Figure 1).

Figure 1. A typically of several BA-T-WPC and BA-PT-WPC samples exposed to white-rot
fungus using the agar-block test method
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2.5 Mechanical testing

Mechanical properties of both decayed and undecayed samples were measured as follows:
Flexural strength and modulus — ASTM D790; Tensile strength and modulus — ASTM D638;
Hardness — ASTM D2240 (Shore D); Impact strength — ASTM D256 (Izod method).

All tests were conducted on four replicates (N = 4) for each group. Statistical analysis was
performed using SPSS software version (17 version]), and results are presented as mean +
standard deviation.

2.6 Water uptake and dimensional stability tests

Water uptake and thickness swelling tests of the composites were conducted by following
the ASTM D 570 (1998) standard. Five specimens from each formulation were selected and
oven-dried for 24 h at 100 = 3 °C. The samples were weighted with an accuracy of 0.001 g
after drying in the oven and their thicknesses were measured at an accuracy of 0.001 mm.
Then, the specimens were placed in distilled water for 24 h by the method of immersion and
retained at room temperature (20 £ 2 °C). In the final of this time, the excess on the surface of
the specimen was cleared with a clean cloth and then their weights and thicknesses were
determined.

2.7 Fungus culture

The white-rot fungus (T. versicolor) was transferred to petri dishes containing malt extract
agar (48 g/L) under laminar hood using sterile pincers. The plates were kept at 23 °C for one
week until the culture medium was fully covered by the mycelium of the fungus. The cultured
fungus was transferred into petri dishes containing the culture medium and then incubated for
one week at 23 °C.

2.8 Inoculation of samples by fungus

Inoculation of composite samples by the fungus was performed in the petri dishes. The
dishes containing the fungus and the composite samples were incubated in an incubator for 14
weeks at 23 °C and 75% RH. The sizes of control WPCs samples are shown in the Figure 2.

Figure 2. The sizes of WPCs control samples

2.9 Data analysis

Mass loss, flexural strength, flexural modulus, tensile strength, tensile modulus, impact
strength, water absorption, and thickness swelling values were evaluated using a
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computerized SPSS 17.0 statistical program and tested with ANOVA followed by Duncan’s
Multiple Range Test (DMRT) with 95% confidence level.

3  Results and discussion
3.1 Weight loss

Figure 3 illustrates the weight loss of different wood-plastic composite (WPC) samples
after exposure to the white-rot fungus Trametes versicolor. According to the data, the UT-
WPC sample exhibited the highest weight loss, approximately 0.68%, indicating its low
resistance to fungal decay. The BA-T-WPC sample, which was treated with boric acid during
the mixing stage, showed a moderate reduction in weight loss about 0.35% demonstrating
improved fungal resistance. The BA-PT-WPC sample, where wood flour was pretreated with
a boric acid solution before composite processing, had the lowest weight loss at
approximately 0.25%. These results reveal that boric acid treatment enhances the durability of
WPCs against fungal attack. Specifically, pre-treatment of the wood flour (BA-PT-WPC)
reduced weight loss by nearly 63% compared to the untreated control, and by 48% compared
to in-process treatment (BA-T-WPC). According to the results of the Duncan test, no
statistically significant differences were found between the groups. Although the graph
suggests that the application of boric acid and its usage through different methods may have
some slight effect. This strategy could be highly beneficial for extending the service life of
wood-plastic composites in environments prone to fungal exposure.
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Figure 3. Effect of boric acid treatment on weight loss of wood flour/polypropylene
composites (Duncan’s multiple range tests are given in the graph)

The results of an investigation by Cavdar et al., (2018) on the effect of boron compounds
(spruce wood flour was treated with boric acid (BA), borax (BX), and a BA-BX mixture, then
incorporated into a polymer matrix at 20% and 40% loading rates) on the decay resistance and
weight loss (brown-rot fungus, Coniophora puteana and white-rot fungus, Trametes
versicolor) of wood-plastic composites (WPCs) indicated that boron-treated composites
exhibited higher weight loss and moisture content compared to controls during decay tests.
Notably, composites with higher wood flour content showed increased susceptibility to fungal
decay, emphasizing the need for optimized treatment methods to enhance durability.

3.2 Hardness

The hardness of both UT-WPC and BA-PT-WPC samples decreased after exposure to
fungal attack, except for the BA-T-WPC specimens. The results of Duncan’s test indicated
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that the BA treatment had significant effect on the hardness of wood flour/polypropylene
composites. In addition, there were significant differences between hardness values of BA-
PT-WPC and BA-T-WPC undecayed samples (P<0.05). As can be seen in Figure 4, in
comparison to UT-WPC (70.25 Shore D) the minor decrease (70.16 Shore D) and slight
increase (71.22 Shore D) found in the hardness values of BA-T and BA-pretreated undecayed
samples may be due to the precipitation of BA in the cell lumens and the cell wall of wood
particles and the subsequent increase in density. It appears that in the BA-T-WPC samples,
boric acid have precipitated on the surface and did not penetrate into the cell lumen or cell
wall, but in the BA-PT-WPC, boric acid have precipitated in the cell cavity and the cell wall
(Winandy and Rowell, 1984; Hosseini Hashemi et al., 2010; Badritala et al., 2013). After
exposure to decay fungus, there were no significant differences between hardness values of
BA-PT-WPC and BA-T-WPC decayed samples (P<0.05). Unal et al., (2023) incorporated
boric acid into polypropylene (PP) and wood flour composites and showed that while boric
acid significantly enhanced, it caused a slight reduction in tensile strength. This decrease was
attributed to the interference of boric acid with the bonding between the wood particles and
polymer matrix, which negatively impacted interfacial adhesion.

ab
70.25 a
(b) 70.16
71 4 (b)

b
71.22
b)

Hardness (Shore D)

UT-WPC BA-T-WPC UT-WPC BA-T-WPC BA-PT-WPC

Undecayed Decayed
Sample

Figure 4. Effect of boric acid treatment on hardness of wood flour/polypropylene composites
(Duncan’s multiple range tests are given in the parentheses)

3.3 Impact strength

The results of Duncan’s test indicated that the BA treatment had no significant effect on
the impact strength of the composites before and after exposure to fungal attack, except for
the BA-PT-WPC specimens (Figure 5). There were significant differences between BA-PT-
WPC and BA-T-WPC undecayed and decayed samples (P<0.05). As can be seen in Figure 5,
the specimens containing the BA-T and BA-PT showed lower and higher notched impact
strength compared with the untreated specimens, respectively. The impact resistance of the
BA-T-WPC and BA-PT-WPC specimens decreased by 14.7% and increased 7.2%,
respectively, compared to the UT-WPC specimens. This was mainly attributed to the poor and
rich compatibility between the BA-T and BA-PT wood and polymer matrix due to the
crystalline deposits of boric acid, respectively (Ayrilmis et al., 2012). Also, the BA-PT-WPC
specimens exhibited marginally greater average impact resistance compared to the BA-T-
WPC ones. We expected that the BA treatment is probably affected on dispersion and
precipitation of BA particles in the cavities of composites. This result can be attributed to the
formation of agglomeration cause to reduction of adhesion in the composite interface
compared with the BA-PT specimens. After exposure to decay fungus, there were significant
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differences between impact strength values of BA-T-WPC and BA-PT-WPC decayed samples
(P<0.05).

60

c
b 49.40
46.10 (d)
50 (c)

b
37.99 37.88
40 4 (b)

30 4

Impact strength (J/m)

20

UT-WPC BA-T-WPC C UT-WPC BA-T-WPC BA-|

Undecayed Decayed
Sample

Figure 5. Effect of boric acid treatment on impact strength of wood flour/polypropylene
composites (Duncan’s multiple range tests are given in the parentheses)

Generally, it has been observed that boric acid, while beneficial for improving decay
resistance, tends to reduce the impact strength of WPCs. This reduction is often attributed to
the interference of boric acid with the interfacial bonding between the wood fibers and the
polymer matrix, which weakens the load transfer during impact loading. For instance, Baysal
et al.,, (2007) reported a moderate decrease in impact resistance when boric acid was
incorporated, due to reduced compatibility between the components. Similarly, Unal et al.,
(2023) investigated the mechanical properties of polypropylene (PP) composites filled with
varying weight percentages (5%, 10%, and 15%) of boric acid (BA).They found that tensile
strength and modulus decreased with increasing BA content.Impact strength increased
slightly at 5% BA content but decreased at higher concentrations.These findings suggest that
while low concentrations of boric acid can enhance certain mechanical properties, higher
concentrations may have adverse effects.

3.4 Flexural strength and modulus

The results of Duncan’s test indicated that the BA treatment had significant effect on the
flexural strength of undecayed samples, but had no significant effect on the flexural strength
of decayed samples. However, there was a significant differences between the flexural
modulus values of the BA-T-WPC and BA-PT-WPC (P<0.05) in undecayed samples. As can
be seen in Figures 6 and 7, the flexural strength and modulus of BA-PT-WPC and BA-T-
WPC specimens were higher than the corresponding untreated specimens, except for the
flexural modulus of BA-PT-WPC specimens. This is probably due to the increase in stiffness
caused by formation of BA crystalline deposits in cell lumen of wood flour. This finding is
consistent with those of previous studies (Ayrilmis et al., 2011; Ayrilmis et al., 2012; Kurt
and Mengeloglu, 2011). Also, the BA-T-WPC specimens had higher flexural strength and
modulus than the BA-PT-WPC ones. It seems that the specimens containing the BA-PT due
to the formation of agglomeration cause to reduction of adhesion in the composite interface
compared with the BA-T specimens. After exposure to decay fungus, there were no
significant differences between flexural strength and modulus values of BA-T-WPC, BA-PT-
WPC, and UT-WPC decayed samples (P<0.05).
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Figure 6. Effect of boric acid treatment on flexural strength of wood flour/polypropylene
composites (Duncan’s multiple range tests are given in the parentheses)
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Figure 7. Effect of boric acid treatment on flexural modulus of wood flour/polypropylene
composites (Duncan’s multiple range tests are given in the parentheses)

The results of a study conducted by Baysal et al., (2007) on the effects of boric acid
(BA) and borax (BX) pretreatment on the mechanical properties of wood-plastic composites
indicated an increase in modulus of elasticity (MOE) and modulus of rupture (MOR)
compared to untreated controls. Furthermore, the BA/BX treatment significantly enhanced the
composites’ resistance to fungal decay and improved their fire retardancy. These findings
suggest that boron compounds can be beneficial in improving both the mechanical
performance and durability of wood-plastic composites.

3.5 Tensile strength and modulus

The results of Duncan’s test indicated that BA treatment had no significant effect on the
tensile strength and modulus of the BA-treated WPC specimens (P>0.05). Also, there were no
significant differences between tensile strength and modulus values of UT-WPC, BA-T-WPC,
and BA-PT-WPC. As can be seen in Figures 8 and 9, the tensile strength and modulus of BA-
T-WPC and BA-PT-WPC specimens were higher than for the untreated specimens. Also, the
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BA-T-WPC specimens had higher flexural strength than the BA-PT-WPC ones, but the BA-
T-WPC specimens had lower flexural modulus than the BA-PT-WPC ones. The reduction of
tensile strength and modulus in the BA-treated composites can be attributed to the same
reasons as discussed concerning flexural strength and modulus.

Tenslle strength (MPa)

UT-WPC BA-T-WPC uT-WPC BA-T-WPC BA-PT-WPC

Undecayed Decayed

Sample

Figure 8. Effect of boric acid treatment on tensile strength of wood flour/polypropylene
composites (Duncan’s multiple range tests are given in the parentheses)
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Figure 9. Effect of boric acid treatment on tensile modulus of wood flour/polypropylene
composites (Duncan’s multiple range tests are given in the parentheses)

The results of other researcher indicated that although boric acid significantly improved the
flame retardancy of the composites, it caused a slight decrease in tensile strength. This
reduction was attributed to the weakened interfacial bonding between the wood particles and
the polymer matrix due to the presence of boric acid (Unal et al., 2023). Tensile strength of
glass fiber-reinforced epoxy composite plates by adding boric acid to the epoxy in different
ratios (0, 0.5, 1, and 1.5% by weight) revealed that the highest tensile strength was obtained
from the 0.5% BA-added specimens, with a 24.78% increase compared to the 0% BA-added
specimens. However, as the BA ratio increased beyond 0.5%, the tensile strength decreased.
The study concluded that while a 0.5% addition of boric acid improved the tensile strength,
higher concentrations led to a reduction in mechanical properties due to interlayer
delamination and fiber/matrix failure (Orgen and Bayram, 2024).

It should be noted that in Figures 4-9, different letters in red and blue colors indicate
significance at the 5% level within undecayed and decayed samples separately, while different
letters in black color inside parentheses indicate significance at the 5% level for comparisons
between undecayed and decayed samples.
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3.6 Water and thickness swelling resistance

The results of statistical analysis (Table 2) indicated that pretreating wood flour with a 1%
boric acid solution (BA-PT-WPC) enhances long-term water resistance, particularly under
decay conditions. This improvement is likely due to better interfacial bonding and reduced
fungal degradation pathways. In contrast, incorporating boric acid during blending (BA-T-
WPC) shows limited effectiveness over prolonged exposure. These findings align with those
of Baysal et al., (2007), who reported that pretreating wood with a boric acid and borax
mixture before polymerization improved water resistance and decay durability of WPCs. The
study found that such pretreatment reduced water absorption and enhanced resistance against
decay fungi, supporting the notion that pretreatment methods are crucial for long-term
performance. However, other studies present differing perspectives. For instance, Kartal et al.,
(2007) observed that wood specimens treated with boron compounds followed by heat
modification exhibited increased water absorption due to the hygroscopic nature of boric acid.
This suggests that while boric acid can enhance certain properties, its hygroscopicity may
counteract benefits in water resistance under specific conditions. Additionally, Zhang et al.,
(2021) investigated borated wood-polycarbonate biocomposites and found that while boric
acid improved fire retardancy, it also led to increased water absorption. The study attributed
this to the hydrophilic nature of lignocellulosic fibers, which absorb moisture and potentially
weaken the fiber-polymer interface. These contrasting findings highlight the complexity of
boric acid's role in WPCs. While pretreatment methods like BA-PT-WPC can enhance long-
term water resistance, factors such as the hygroscopic nature of boric acid and the type of
polymer matrix used can influence outcomes. Therefore, optimizing treatment methods and
considering the specific application environment are essential for achieving desired
performance in WPCs.

Table 2. Water absorption (WA) of the untreated and treated composites

Decayed WPC Time Mean Undecayed Time Mean +

(h) Std. Deviation WPC (h) Std. Deviation

UT-WPC 2 0.43 ab* + (0.25) UT-WPC 2 1.39 e £+ (0.15)
BA-T-WPC 2 0.35a+(0.01) BA-T-WPC 2 1.30 e £ (0.08)
BA-PT-WPC 2 0.57 b £ (0.04) BA-PT-WPC 2 1.21 de + (0.03)
UT-WPC 24 0.98 ¢ + (0.03) UT-WPC 24 2.279g+£(0.12)
BA-T-WPC 24 1.02 cd + (0.03) BA-T-WPC 24 2.159 £ (0.04)
BA-PT-WPC 24 0.97 ¢ + (0.04) BA-PT-WPC 24 1.89 f + (0.04)
UT-WPC 1000 3.67 h +(0.15) UT-WPC 1000 6.26 k * (0.38)
BA-T-WPC 1000 431i+(0.11) BA-T-WPC 1000 6.21 k + (0.27)
BA-PT-WPC 1000 3.60 h £ (0.07) BA-PT-WPC 1000 5.48 j £ (0.03)

* Different letters in each column indicate a statistical difference (p< 0.05) among the composite groups. Values
in parentheses are standard deviation (SD).

The results of statistical analysis (Table 3) indicated that in decayed samples, BA-T-
WPC exhibited the lowest thickness sweling (TS) (0.00% * 0.00), indicating a strong
protective effect against moisture uptake due to fungal degradation. In contrast, BA-PT-WPC
showed the highest TS (0.43% = 0.25), possibly due to increased surface area or microvoids
caused by dual treatment. For undecayed samples, BA-T-WPC recorded the highest TS
(5.09% = 0.75), while BA-PT-WPC showed relatively lower TS (3.02% + 0.45) than even
UT-WPC (3.39% + 0.44), suggesting that treatment during manufacture may decrease short-
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term dimensional stability under non-biological conditions. After 24 hours, TS increased in all
samples. In decayed composites, both BA-T-WPC and BA-PT-WPC exhibited higher TS
values (3.31% £ 1.00 and 3.64% = 0.38, respectively) compared to UT-WPC (1.86% = 0.82),
implying that boric acid treatments may increase water affinity or fail to fully protect against
degradation-induced moisture penetration. In undecayed samples, however, BA-PT-WPC
maintained the lowest TS (3.28% = 0.55), reinforcing its efficacy under intact, fungal-free
conditions. In the long-term immersion test, all samples exhibited a significant increase in TS.
BA-T-WPC (4.79% % 0.55) and BA-PT-WPC (4.76% = 0.63) showed marginally higher TS
than UT-WPC (3.06% = 0.20) in decayed samples, indicating the limited durability of
treatments when subjected to prolonged fungal and moisture exposure. In undecayed WPCs,
BA-T-WPC displayed the highest TS (7.24% + 0.60), followed by BA-PT-WPC (6.30% =+
1.18) and UT-WPC (5.43% = 0.34), suggesting that boric acid treatments may become less
effective over extended periods. Matuana et al., (1998) reported that while chemical
modifications can improve short-term water resistance, the benefits often diminish over time,
particularly under prolonged exposure to water and fungi. Stark and Berger (1997)
demonstrated that untreated WPCs often exhibit less swelling than treated counterparts in the
long term, due to degradation of additives or leaching of treatment agents. Clemons (2002)
emphasized that preservative treatments may initially improve water repellency, but long-
term thickness swelling still occurs due to capillary water uptake through interfacial gaps and
surface degradation. Overall, preservative treatments (especially BA-PT) show promise for
improving short-term water resistance in WPCs, particularly under non-decay conditions.
However, long-term exposure and fungal decay significantly reduce their effectiveness,
leading to increased thickness swelling. These results highlight the need for more durable and
moisture-resistant treatment systems for WPCs, especially for applications in humid or
biologically active environments.

Table 3. Thickness swelling (TS) of the untreated and treated composites

Decayed WPC Time Mean £ Undecayed Time Mean £

(h) Std. Deviation WPC (h) Std. Deviation

UT-WPC 2 0.17 a*+ (0.12) UT-WPC 2 3.39c+(0.44)
BA-T-WPC 2 0.00 a £ (0.00) BA-T-WPC 2 5.09 e = (0.75)
BA-PT-WPC 2 0.43 a = (0.25) BA-PT-WPC 2 3.02 ¢ + (0.45)
UT-WPC 24 1.86 b £ (0.82) UT-WPC 24 3.90 cd £ (0.37)
BA-T-WPC 24 3.31¢c £ (1.00) BA-T-WPC 24 5.17e + (0.77)
BA-PT-WPC 24 3.64 ¢ +(0.38) BA-PT-WPC 24 3.28 ¢ = (0.55)
UT-WPC 1000 3.06 ¢ £ (0.20) UT-WPC 1000 5.43 e +(0.34)
BA-T-WPC 1000 4.79 de * (0.55) BA-T-WPC 1000 7.24 g = (0.60)
BA-PT-WPC 1000 4.76 de + (0.63) BA-PT-WPC 1000 6.30 f £ (1.18)

*Different letters in each column indicate a statistical difference (p< 0.05) among the composite groups. Values
in parentheses are standard deviation (SD).

3.7 Scanning electron microscope analysis for decayed and undecayed WPC samples

The SEM micrographs illustrate the surface morphology of six different decayed and
undecayed wood-plastic composite (WPC) samples (Figure 10). The Figures 10a, 10b, and
10c (top, left to right) shows decayed samples, while the Figures 10d, 10e, and 10f (bottom,
left to right) shows undecayed ones. The decayed untreated WPC (UT-WPC) (10a) exhibits
severe degradation, with visible cracks, voids, and disrupted fiber-matrix bonding, indicating
high susceptibility to biological decay. The decayed BA-treated WPC (BA-T-WPC) (10b)
shows moderate degradation, suggesting that BA-treatment improved resistance but was not
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entirely effective. The decayed BA-pre-treated WPC (BA-PT-WPC) (10c) presents the least
damage, retaining a relatively intact and compact structure, confirming the effectiveness of
full treatment in enhancing decay resistance. In contrast, the undecayed samples demonstrate
significantly better structural integrity. The untreated WPC (UT-WPC) (10d) already shows
some surface roughness and porosity, while the BA-treated (BA-T-WPC) (10e) and BA-pre-
treated WPC (BA-PT-WPC) (10f) show progressively smoother and denser morphologies,
indicating improved compatibility and bonding between wood fibers and polymer matrix due
to the BA-treatment processes. These observations confirm that BA-treatments enhance the
durability and microstructural stability of WPCs, especially under decay fungus.

Figure 10. SEM micrographs of surface fracture of weight loss (decayed) and tensile
(undecayed) samples with 100 um magnifications. (a), denote the decayed UT-WPC; (b),
denote the decayed BA-T-WPC; (c), denote the decayed BA-PT-WPC. (d), denote the
undecayed UT-WPC,; (e), denote the undecayed BA-T-WPC; (f), denote the udecayed BA-
PT-WPC.

4  Conclusions

e This study demonstrates that boric acid treatment can significantly enhance the
mechanical properties and decay resistance of wood flour/polypropylene composites.
Both in-process powder addition and aqueous pre-treatment methods improved the
composites' strength and durability, with BA-treated specimens showing better
performance after fungal exposure.

e BA-T-WPC exhibited the highest flexural strength (50.77 MPa) and modulus (3473
MPa), while BA-PT-WPC demonstrated superior tensile modulus (4563 MPa) and
impact strength (49.40 J/m).

e SEM images show that boric acid deposits on wood fibers increase surface area but may
weaken polymer bonding. Fiber pull-out and holes indicate poor fiber-matrix adhesion,
especially in pre-treated composites. Overall, boric acid treatment presents a promising
approach to develop more durable and mechanically robust WPCs for wood-plastic
applications.
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Application of wood plastic composite in the construction sector
Beytullah Bagegmez*

ABSTRACT: As with all products, minimizing the negative environmental impact of
building materials is crucial. Wood-plastic composites (WPCs) are a promising alternative
and sustainable material to conventional materials, contributing to ecological efficiency. This
innovative composite, combining thermoplastics and natural fibers, benefits from the low
density, cost-effectiveness, and workability of wood, while the thermoplastic component
prevents moisture ingress and biological attacks. Recycled thermo-plastics are also used in the
production of this composite, thus developing circular economy. Wood fibers or powder can
be sourced from waste generated during the manufacturing processes of lumber and furniture
manufacturers. In window applications, various polymers can be used in the composite
mixture, with PVC being widely accepted. The most common manufacturing method is
extrusion although injection and molding techniques are also utilized. WPCs may contain
30% to 60% wood particles, with a 50:50 wood-to-plastic ratio being most common. The
increasing adoption of WPCs is expected to significantly reduce the use of petroleum-based
polymers. As a result of this study, WPC, largely unknown and used minimally in Tirkiye,
will become widespread and accepted in the construction sector.

Keywords: Composite, Wood, Construction, Plastic, Waste

Insaat sektoriinde ahsap plastik kompozitin uygulanmasi

OZ: Her iiriinde oldugu gibi yap1 malzemelerinde negatif cevresel etkinin minimize edilmesi
onemlidir. Ahsap plastik kompozitler (APK), konvansiyonel malzemelere alternatif ve
stirdiiriilebilir malzeme olarak, umut verici bir se¢enektir; ekolojik verimliligin artirilmasima
katki sunar. Termoplastikler ve dogal lifleri (odun vd.) biitlinlestiren bu yeni kompozit,
odunun diisiik yogunlugu, diisiik maliyeti ve islenebilirlik 6zelliklerinden faydalanirken;
termoplastik bilesen, tliriine nemin girmesini ve biyolojik saldiriyr engeller. Geri
doniistiiriilmiis termoplastikler de bu kompozitin iiretiminde kullanilir, boylece dongusel
ekonomi gelisir. Ahsap lifleri/tozu, kereste ve mobilya iireticilerinin gerceklestirdigi imalat
stiresince ortaya c¢ikan atiklardan elde edilebilir. Pencere uygulamalarinda, kompozit
karigimda cesitli polimerler tercih edilebilmekle birlikte PVC kabul gormiistiir. Malzemenin
en yaygin liretim yontemi, istenen sekle ekstriide etmektir, ancak enjeksiyon ve kaliplama da
kullanilir. Ahsap-plastik kompozitler (APK), %30’dan %60'a kadar ahsap pargaciklari
icerebilir, yaygin sekilde optimum oran olarak %350-%50 uygulanmistir. Ahsap plastik
kompozitler gevre dostu yapilar igin giderek daha cazip bir se¢enek haline gelmektedir. Bu
malzeme kullaniminin gelecekte daha da yaygmlagmasiyla petrol bazli polimerlerin
kullanimmin azalmasina biiyiik bir etki yapacagi muhakkaktir. Bu ¢alisma sonucunda,
Tiirkiye’de ¢ok smirli uygulamada kullanilmis, yeterince taninmayan APK’nin yayginlasarak
ingaat sektoriinde kabul gormesi hedeflenmektedir.
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1 Introduction

The use of natural resources and environmental impacts has become as important as
traditional evaluation criteria such as quality and cost in decision-making processes with the
increasing awareness of environmental problems. In this context, the concept of sustainable
production has become increasingly important to ensure efficient and long-term use of natural
resources (Hauschild et al., 2005). Minimizing negative environmental impact is very
important as it should be in any product, especially for building materials which are the focus
of this study. In recent years, the demand for sustainable and durable building materials in the
construction sector has increased significantly. Wood-plastic composites have emerged as a
promising alternative to traditional materials such as wood, metal and plastic.

Composite materials are materials formed by combining two or more identical or different
types of materials to integrate their best properties into a new and unified material (Sahin,
2000; Clyne & Hull, 2019). A new class of composites has emerged that integrates
thermoplastics with natural fibers (such as wood). This innovative composite takes advantage
of the low density, low cost, UV resistance, and workability of wood, while the thermoplastic
component facilitates flow during melting processes and acts as a barrier to prevent moisture
intrusion and biological attacks (Harper & Wolcott, 2004). Wood-plastic composites (WPCs)
are composite materials formed by combining wood fibers and/or wood dust with
thermoplastics such as polyethylene (PE), polypropylene (PP), polyvinyl chloride (PVC),
acrylonitrile butadiene styrene (ABS), polystyrene (PS), or polylactic acid (PLA) through
chemical additives (Figure 1). Recycled thermoplastics can also be used in the production of
wood-plastic composites (Bal, 2023; Stark, 2001; Ratanawilai & Srivabut, 2022; Leu et al.,
2012; Ashori & Nourbakhsh, 2009; Avci, 2012). The predominant thermoplastic material used
in WPC production is polyethylene (Hamel et al., 2013). Wood particles provide structural
reinforcement to the product (URL-1, 2024), thereby combining the advantages of wood and
plastic materials. The use of wood dust in thermoplastic composite production is attractive
due to its low cost, low density, minimal wear during production, abundance, and
biodegradability (Mengeloglu & Karakus, 2008). WPC material finds application in various
fields utilizing products from both the wood and plastic industries, with its usage areas
expanding every day. Each application of wood-plastic composites in different fields is an
effective way to enhance ecological efficiency. This material class, which has many subtypes,
is commonly referred to as "WPC" derived from the initials of "Wood Plastic Composite."

Figure 1. Wood powder and polymeric raw materials in granular form (URL-2, 2024;
URL-3, 2024).

In the 1980s, a company in the United States produced wood-plastic composites (WPC) by
incorporating 50% wood powder into polyethylene (PE). This composite material was used to
manufacture and sell industrial products such as garden furniture, tables, and decking/terrace
materials. During the same period, WPC was produced by mixing polypropylene (PP) and
wood powder in equal proportions, leveraging extrusion techniques for use in the interior
cabin components of automotive sector products. The demand, need, and areas of application
for WPC materials in Turkiye and many parts of the world have been increasing over time
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(Sahin, 2023). In Asia, the primary WPC markets have been Japan, South Korea, and China
since the 1990s (Gardner and Han, 2010). Activities carried out over recent decades have
significantly developed the market.

In Figure 2, the trend of wood-plastic composite (WPC) material production volume in the
American and European markets can be observed during the first quarter of the 21° century.
Germany leads the way in Europe in this regard (Eder, 2010). Additionally, the figure
provides insights into the sales performance of WPC in various markets and expectations for
the coming years. The WPC market is expected to maintain its growth trajectory, reaching an
estimated global value of approximately $12 billion by 2028 with a compound annual growth
rate (CAGR) of around 10% (URL-4, 2024).
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Figure 2. (a) The trend of wood plastic composite material production volume in the US and
European markets (Eder, 2010). (b) Sales performance and future expectations in various
markets (URL-4, 2024).

In Turkiye, the majority of the WPC sector is dedicated to outdoor flooring, while a
significantly smaller portion is used primarily in applications such as pergolas. The purpose of
this article is to use WPC as a building material. The market volume of the Turkish wood-
plastic composite sector is approximately ten thousand tons. The WPC sector in Tirkiye is
expected to continue growing, driven by the continuously increasing demand in the
construction industry (URL-5, 2024). Some of the companies producing wood-plastic
composites in Tirkiye are as follows: Hekim Board: Exterior wall cladding profiles and
panels. Therrawood: Decks, terraces, exterior cladding, fences, gazebos, railings and
prefabricated houses. Make WPC: Deck and outdoor flooring. Burdeck: Tiles, profiles,
planters and urban furniture (URL-6 — 9, 2024).
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2 Usage Areas

Wood-plastic composites (WPC) have found applications in numerous sectors, with the
construction industry being the primary area of use. Table 1 presents these application areas.
WPC is commonly employed for outdoor decking, terrace and patio flooring, railings, fences,
landscaping timbers, park benches, cladding, exterior siding, prefabricated home panels,
window and door frames, trims, and indoor furniture (Stark, 2001; URL-10, 2024; URL-11,
2024). The natural wood appearance of WPC creates a warm and natural ambience while its
durable structure ensures long-lasting use. The ability of WPC produced in various colors and
textures offers furniture designers a broad creative scope (Figure 4) (URL-10, 2024; URL-12,
2024). When WPC decking is applied around swimming pools (Figure 3), the material's anti-
slip property can help prevent potential injuries compared to ceramic-based products such as
marble, tiles, or granite, especially when individuals walk barefoot on wet surfaces.

B B Y ’<

Figure 4. Wood plastic composite plate for modern modular kitchen cabinet (URL-14, 2024).

WPC cladding is used for both exterior and interior wall coverings (Figure 5). It adds
aesthetic appeal to structures while providing insulation. WPC cladding products are light-
weight, easy to install, and contribute to enhancing the energy efficiency of the buildings to
which they are applied. WPC is widely used for terraces, balconies, railings, and stairs of
residential and commercial structures. Providing sufficient strength and safety, these wooden-
looking railings are resistant to moisture, do not rot, do not splinter, do not bend and are quite
durable. WPC is increasingly utilized in the production of outdoor furniture, such as benches,
tables, and chairs. WPC is among the ideal choices for outdoor applications, considering its
durability and resistance to moisture. Furthermore, WPC furniture offers a wide range of
design and color options, enhancing aesthetic versatility. Its use for these purposes is also
applied in Turkiye. In addition to outdoor applications, WPC is also used for interior
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applications such as ceiling panels, wall panels, and baseboards. Its ability to be molded into
various shapes and finishes makes WPC suitable for decorative purposes (URL-12, 2024).
Moreover, wood-plastic composite parts are frequently used in the production of sports and
musical instruments. For instance, laminated skis, golf equipment, hockey sticks, and baseball
bats are commonly manufactured using wood-plastic composites (Leu et al., 2012; Bayram,
2024).

Figure 5. Application of wood-plastic composite as an exterior building cladding (URL-15,
2024).

Table 1. Application areas of wood plastic composite (Liukko et al, 2007).

Sector End-Product Market Applications
Exterior Door frames Window frames Barge Pre-treated
. cladding  and components components boards floorboards
Construction Ceilin
g Roof covering Stairs Timber Porch
products
- Curtains and Channel . Decorative Interior
. Railings . - Flooring .
Interior blinds connections profiles panels
Architecture / . Sound
Kitchen . . . .
Surfaces ; Parquet Office furniture Shelves Baseboards insulation
cabinets .
coatings
. Interior Door and chest Luggage Spare tire Trailer
Automotive panels linings Cable channels racks Covers floors
. Garden sheds, Garden Fences and
Flooring . fence
huts, etc. furniture ;
Garden/ connections
Outdoor Park Children's Playground
playground -
benches : flooring
equipment
Railinas Industrial Marine piles Pallets and
Industrial / g packaging and partitions crates
Infrastructure QpL:g?/: Trash cans Signs

WPC can be utilized in the production of window and door frames, balancing adequate
strength properties with aesthetic considerations. These frames (Figure 6) are resistant to
direct exposure to water or liquids, moisture, termites, and decay. They offer good insulation
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properties, contributing to the energy efficiency of buildings (URL-12, 2024). For window
applications, PVC is commonly used as the polymer component in the composite mixture,
though other thermoplastics can also be employed. PVC integrated with wood powder is
gaining prominence due to its balanced thermal stability, moisture resistance, and hardness.
Other attractive parameters include low maintenance and repair costs, absence of cracks and
splinters, and high durability. In addition to solid rectangular profiles, window frame designs
may also incorporate complex hollow and grooved profiles to reduce costs and weight while
maintaining structural integrity. These specialized profiles can be tailored for frame
production (Bala, 2018). Andersen Corp. established a PVC-based WPC window line years
ago, securing its position in the window market. The company also produces innovative
fiberglass-framed window solutions (URL-16, 2024).

WPC Window frame profile o
for Jamb/Head/Cill’
mb/Head/Ci ' EPDM Gasket

-

WPC Rail profile for | W.PC .
‘Top/Bottom rails & Mullions” i Glass locking profile

WPC Window Shutter profile WPC
for a‘Stiles’ Architrave

Figure 6. Wood plastic composite (WPC) window frame and its profiles (URL-17, 2024).
3 Material Properties

Wood-plastic composites (WPCs) are highly resistant to abrasion, decay, and deterioration
(Stark, 2001). WPCs demonstrate strong resistance to both water and moisture (URL-10,
2024). An additional advantage over wood is the material's ability to be extruded or molded
into almost any desired shape. WPCs have great machinability and can be shaped using
traditional woodworking tools. Since WPCs are often made using recycled plastics and waste
products from the wood industry, they are considered a sustainable material. This is also
important in the context of waste management (Stark, 2001). Their production helps reduce
deforestation and plastic waste. They are an environmentally friendly material. At the end of
their lifespan, WPCs can be shredded and reprocessed into new products (URL-12, 2024).
Additionally, they are resistant to bacterial growth due to their hygienic properties. They also
do not conduct flames with high safety standards (URL-18, 2024).

Wood-plastic composites (WPCs) are known to exhibit non-linear viscoelastic behavior
similar to unfilled polymers. This means that their mechanical responses depend on variables
such as stress, temperature, and time (Hamel et al, 2013). Due to the addition of organic
matter, WPCs are typically processed at much lower temperatures compared to traditional
plastics during extrusion and injection molding. WPCs begin to burn at temperatures around
200°C. Since they melt at lower temperatures, the energy required for manufacturing is
reduced. As a rule, the higher the wood/plastic ratio, the lower the melting temperature (URL-
1, 2024). It has been observed that WPC materials produced by extrusion have a lower fire
risk compared to those made by other manufacturing methods, considering factors like
ignition, progression of burning, etc. (Lopez et al., 2022). There are several strategies to
enhance the flame resistance of WPCs, which can be broadly categorized into two main
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approaches. The first involves incorporating flame retardants into the wood-plastic polymer
mixture during compression, injection, or extrusion processes. The second strategy involves
pre-treating the wood particles with liquid flame retardants through impregnation, followed
by combining the particles with polymers using traditional processing methods (URL-11,
2024).

The performance of wood-plastic composites (WPCs) depends on various factors,
including the microstructure of the composite, void content, wood-matrix stress transfer
efficiency, particle morphology, and the chemical composition of lignocellulose (Hung et al.,
2017). WPCs may contain between 30% and 60% wood particles, which significantly reduces
the dependence on petroleum-based plastic materials. The wood fibers or dust (sawdust) used
in WPC production are typically waste materials generated during lumber processing by
manufacturers. These matters are processed to create a more cost-effective and stronger
reinforcement product. The type, size, and concentration of wood particles in the composite
formulation can be adjusted to achieve different properties (URL-1, 2024; URL-11, 2024;
Hung et al.,, 2017). The effects of wood species on the water absorption, biological
degradation, metal corrosion, and color changes of WPCs due to outdoor exposure have been
studied and reported. It is known that wood dust from various species can be used as a raw
material for WPC production (Fabiyi & McDonald, 2010). Similarly, the selected wood
species will influence the final color of the product. Commonly used wood species in WPCs
include pine, oak, and maple. Cost is a key factor in these choices. Pine fillers tend to produce
lighter-colored products compared to hardwood fillers (URL-1, 2024; URL-11, 2024; Hung et
al., 2017).

Research and development activities related to wood-plastic composites (WPCs) primarily
focus on enhancing raw materials and optimizing production processes. Examples of studies
in this area include the testing of different wood powder or fiber sizes, using various wood
species, using wood powder resulting from the break-up of end-of-life wood materials,
utilizing lignocellulosic annual plants, and experimenting with different polymer types and
mixture ratios (Rowell et al., 1997).

The inclusion of wood fibers in plastics improves the bending and tensile properties of the
resulting composites compared to pure plastics (Hung et al., 2017; Fabiyi & McDonald,
2010). Using finer wood powder (smaller than 125 pum) can enhance the tensile and flexural
strength of WPCs and reduce swelling caused by water absorption. Experimental studies have
proven that using larger particle-sized wood powder increases moisture absorption and
swelling in specific proportions (Leu et al., 2012). The bond between wood and plastic is
typically weak due to the hygroscopic nature of wood and the hydrophobic properties of
plastic, leading to challenges in stress transfer between the wood and plastic phases. To
address this issue, compatibilizers are employed to improve the stress transfer between wood
and plastic and form interfacial bridges between the two materials (Avci, 2012; URL-11,
2024). Maleic Anhydride Polypropylene (MAPP) is a commonly used compatibilizer in
WPCs to enhance the compatibility between polypropylene (or other thermoplastics) and
wood dust, thereby improving the microscopic interfacial bond between wood particles
(fibers) and the plastic matrix (Xue et al., 2007). The optimal concentration of the
compatibilizer (MAPP) and lubricant (zinc stearate) in WPCs is 3% (Leu et al., 2012).
Adding the right amount of compatibilizer can improve mechanical properties and
significantly reduce swelling (Leu et al., 2012; Adhikary et al., 2008). Studies have verified
that MAPP usage prevents the formation of irregularly shaped micro-voids or defects in the
WPCs (Adhikary et al., 2008). However, excessive use of compatibilizers and lubricants can
cause significant swelling due to the formation of bonds between the molecules of the
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additives, which in turn negatively impact mechanical properties. It has been found that
maintaining the wood content at 50% or less provides the best mechanical properties. Wood
content exceeding 50% leads to a decrease in both the physical and mechanical properties of
WPCs (Leu et al., 2012). As the proportion of wood powder increases, the density of the
composite also increases (Avci, 2012). The dimensional stability and strength properties of
wood-plastic composites can be improved by increasing the polymer or compatibilizer
binding additives content (Adhikary et al., 2008).

When examining the stress-strain behavior of HDPE-wood powder composites under
tensile loading, it was observed that the addition of wood powder increases the stiffness of the
composite material while the strain at break decreases. As the wood powder content increases,
the yield and tensile strength, as well as the tensile modulus, increase while the material
becomes less ductile, meaning it becomes more brittle and durable. The elasticity modulus (E)
increases continuously as the wood powder content increases in HDPE WPC composites. On
the other hand, composites with a higher HDPE content exhibit greater ductility and a higher
breaking strain. Composites with the addition of the MAPP compatibilizer have higher
bending strength compared to unmodified composites (Adhikary et al., 2008).

When a wood-plastic composite material is in direct contact with water for prolonged
periods, it negatively impacts the material’s mechanical properties. Over time, the wood
powder absorbs water and tends to swell, leading to the formation of micro-cracks, and the
bond between the plastic and wood weakens (Ratanawilai & Srivabut, 2022; Lopez et al.,
2022). As the wood dust (fiber) content increases, more water absorption points are formed,
causing more water absorption, which accelerates the infiltration of water through capillary
effect. (Ashori & Nourbakhsh, 2009; Adhikary et al., 2008). Experiments using waste wood-
derived wood powder and HDPE-based hot-pressed WPCs have shown that using smaller
wood powder particles improves the material’s water absorption and swelling properties
(Chen et al., 2006). The addition of MAPP (maleic anhydride polypropylene) as a
compatibilizer is known to reduce water absorption. In WPCs with MAPP, the parameters
related to the wood powder-polymer ratio are less variable compared to those without MAPP
WPC composites. MAPP also reduces the effects of water absorption and swelling, allowing
changes in the wood content to have a minimal effect on the overall properties of the WPC
(Adhikary et al., 2008; Markarian, 2005).

WHPC products require less maintenance than natural wood. They are more economical and
easier to maintain as they do not require painting, varnishing or sealing. They are easy to
clean and can withstand harsh weather conditions without deteriorating (URL-12, 2024).
Issues such as cracking and color degradation, which are seen in PVC window frames due to
temperature and load, don’t occur in WPC window frames. These specifications make them
ideal for window frames as they are constantly exposed to external conditions. Table 2
compares wood, plastic and wood-plastic materials in terms of various properties.

When comparing products made from WPC materials to those made from Medium-
Density Fiberboard (MDF), a material considered indispensable in the wood industry, the
following conclusions can be drawn:

e Both WPC and MDF products have values ranging from 20 to 40 MPa in terms of tensile
strength (Avci, 2012; Gardner & Han, 2010; Xue et al., 2007; URL-19, 2024). WPC is
highly durable and weather-resistant, making it an ideal choice for outdoor or wet areas.
MDF exhibits lower resistance to moisture and decay and may require maintenance.

e WPC panels can be assembled using a clip and rail system, making installation and
removal easier. MDF panel installation is done by nailing or gluing them to the wall.
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e WPC can be produced in various colors and textures, including wood patterns, while
MDF can be painted or veneered to create different surfaces.

e« WHPC is more expensive than MDF, but its superior features outweigh this disadvantage.
The cost per square meter of WPC is approximately two to three times that of MDF
(URL-19, 2024). Its low maintenance requirements and extended lifespan render it a cost-
effective choice in the long run (URL-12, 2024).

e While MDF swells when liquid or water seeps in, WPC is waterproof. However, it has
been shown that WPC still absorbs a small amount of moisture, but at a much slower rate
compared to solid wood.

e MDF can be used for up to 10 years, while WPC can last for 50 years.

e While WPC can be easily shaped into different shapes, MDF cannot be easily transformed
into different shapes.

e Some harmful chemicals and substances may be used in the production of MDF.
However, no chemicals or hazardous substances are used in the production of WPC
(URL-11, 2024; URL-19, 2024).

Table 2. Comparison of wood plastic composite general material properties with wood and
plastic (Bala, 2018).

Material properties “:())(:gpl:)l;igc Wood Plastic
Resistance to sunlight and aging +++ + T+
Natural wood appearance +++ ++++ +
Moisture resistance - + +
Resistance to water absorption +++ + o+
Res1stan<(:iengz (l;[lsloglcal pests et N e
Ease of machinability -+ ++++ +
Ease of maintenance -+ + T+
Nailing ability ++ A+t +
Low expansion ratio 4+ +++ +

A wide range of waste produced in various industries can be used in the production of
wood-plastic composites (WPC), thus promoting the development of a circular economy. The
source of the recycled plastics used in recycled WPC is typically municipal solid waste
facilities. In addition to plastic bottles, containers, bags, accessories, cups, packaging
materials, etc., automotive industry waste can also be used as raw materials (Ramli, 2024).
The properties of waste plastics are similar to those made from original materials. Many
experiments have shown that there is only a minor change in the mechanical properties of
recycled polyethylene compared to the original PE (Ashori & Nourbakhsh, 2009, Adhikary et
al., 2008). Furthermore, the granules of recycled plastics are cheaper compared to pure plastic
granules (Adhikary et al., 2008). The evaluation of recovered plastics and the development of
new value-added products are becoming increasingly important (Ashori & Nourbakhsh,
2009).

4  Production Methods

The most common manufacturing method for wood-plastic composites (WPCs) is
extrusion, although injection molding and compression molding are also employed (Stark,
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2001 & Ratanawilai & Srivabut, 2022; Hamel et al., 2013; URL-12, 2024; Kumari et al.,
2007). In terms of water resistance and mechanical properties, materials produced through
injection molding and extrusion molding have been found to perform better than those
produced via compression molding (Kumari et al., 2007). Additives such as colorants,
coupling agents, UV stabilizers, blowing agents, foaming agents, and lubricants help tailor the
final product to its target application. Coupling agents, used at concentrations ranging from
3% to 5% of the mixture, improve interfacial adhesion between the plastic matrix and wood
powder filler by creating a strong bond. These additives also facilitate optimal processing
conditions. WPCs can be molded to incorporate intricate wood grain patterns. Extruded
WPCs can be fabricated in both solid and hollow profiles (Figure 7) (Stark, 2001; Ratanawilai
& Srivabut, 2022; Leu et al., 2012; URL-11, 2024; URL-12, 2024). From a manufacturing
perspective, processing WPCs is quite similar to processing conventional petroleum-based
plastics. As the material behaves similarly, large-scale investments in new machinery and
equipment are generally unnecessary (URL-1, 2024).

Figure 7. Wood plastic composite (WPC) profiles (URL-20, 2024).

The performance of WPCs is significantly influenced by the particle size of fillers;
therefore, wood powders are classified using sieves. Different sieve mesh sizes ensure that the
wood powder particles meet the desired dimensions. The obtained wood powders are
subjected to a drying process in drying ovens at 1005 °C until fully dried (Figure 8).
Subsequently, the polymer and wood powder are blended with a very small amount of
paraffin-wax adhesive in a high-speed mixer to achieve a homogeneous mixture. The mixture
is heated in an extruder to a temperature slightly below the combustion point of the materials
(Sahin, 2023). The temperature is maintained between 170-200 °C during the extrusion
process (Ratanawilai & Srivabut, 2022; Kumari et al., 2007). The molten mixture exiting the
extruder is cooled in water and then converted into particles using a crusher machine. The
dried particles, which have zero moisture, are processed into the final product through plastic
injection molding (Sahin, 2023). Since processing variables have a critical impact on the final
product, technological parameters require precise control. For example, extremely low or high
cylinder temperatures, excessive high screw speed, or injection speed can result in surface
defects in the composites (Lopez et al., 2022). The primary role of lubricants in the WPC
processing cycle is to improve the wettability of wood powder and enhance slippage between
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wood and plastic particles (internal lubrication), and/or ensure the smooth and homogeneous
manufacture of the product in the extruder (external lubrication) (Leu et al., 2012). Specially
engineered extruders tailored for the direct extrusion of WPCs are available, and research and
development activities in this field are ongoing (Markarian, 2005). WPCs can be painted or
colored to suit nearly any design scheme (URL-11, 2024). After obtaining profiles with a
consistent cross-section and several meters in length through the extrusion process, the
material exhibits an appearance similar to plastic. The profiles are then processed in a unit
where thermoplastic wood texture is applied, brushed, or sanded on the desired surfaces,
achieving a perfect wood-like appearance (Figure 8) (Bayer et al., 2017).

PVC powder -
(or PP, PE, etc.)
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Figure 8. Wood plastic composite (WPC) production process (URL-21, 2024).
5 Conclusion and Suggestions

Wood-plastic composites can be applied in various fields where both wood and plastic
sector products are used, and their application areas are expanding every day. The low cost of
wood dust, its low density, minimal wear during production, abundant availability, and its
biodegradability in nature make it an attractive material for use in thermoplastic composite
production. Each application in different fields is an effective way to enhance ecological
efficiency. The use of recycled thermoplastics is considered in the production of wood-plastic
composites (WPC). The thermoplastic material primarily used in WPC production is
polyethylene. However, PVC is commonly preferred for window frames, and the utilization
of recycled PVC can also be considered. In this context, recycling existing PVC window
frames for use in WPC production may be possible.

e Wood-plastic composites (WPC) have found application area in many sectors,
particularly in the construction industry. In Tlrkiye, a large portion of the WPC sector
is dominated by outdoor flooring (decking), while a much smaller segment is
particularly used in applications such as pergolas. The WPC industry is expected to
continue growing with the continuously increasing demand in the construction sector. In
recent years, WPC has begun to partially replace some traditional and new engineered
wood products. The use of petroleum-based polymers (plastics) will certainly decrease
significantly as the use of WPC materials becomes more widespread in the future.
Additionally, WPCs are more cost-effective compared to polymer types. Supporting and
prioritizing research and development of WPC materials, which continue to improve
and grow, is crucial for the wood and plastic industries.

e Wood-plastic composites (WPC) can contain wood particles ranging from 30% to 60%
which significantly reduces dependence on petroleum-based plastic materials. Keeping
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the wood content at 50% or lower has provided the best mechanical properties. WPC
and MDF products have been found to have similar tensile strength, with values ranging
between 20 and 40 MPa. Wood fibers/dust (sawdust) can be obtained from waste
materials produced during the manufacturing process of lumber and furniture producers.
The type, size, and concentration of the wood particles in the composite formulation can
be adjusted to achieve different properties. It is known that wood dust from many
species can be used as raw material for WPC production. Incorporating wood fibers into
plastics improves the bending and tensile properties of the resulting composites
compared to pure plastics. This is also significant for the preservation of Turkiye's
forest resources.

The most common production method for wood-plastic composites is extrusion, where
the material is extruded into the desired shape; however, injection molding and
compression molding are also used. In terms of water resistance and mechanical
properties, materials produced through injection molding and extrusion molding have
been found to perform better than those produced by compression molding. Additives
such as colorants, binders, UV stabilizers, blowing agents, foaming agents, and
lubricants help tailor the final product to the target application requirements. The
optimum concentration of maleic anhydride polypropylene (MAPP) as a binder in
WPCs is 3%. Adding an appropriate amount of binder can improve mechanical
properties and significantly reduce swelling. Products can be created in both solid and
hollow profiles with the extrusion method, which is also preferred in window frame
production. Since the material behaves similarly, large-scale investments in new
machinery and equipment are not required.

Research and development activities related to WPC (Wood-Plastic Composites)
primarily focus on improving raw materials and production processes. Ongoing and
upcoming studies include various wood dust or fiber sizes, testing various types of
wood, using wood dust obtained from the disintegration of expired wood materials, and
using various polymer types and mixing ratios. The quality of WPC products has been
continuously improved with the advancement of WPC production technology and
deficiencies encountered in production and use have been eliminated. The mission of
the WPC sector in Tlrkiye and the world is to ensure that WPC is used more widely and
as a higher quality building material, its performance is fully utilized and better services
are provided to the sector.

The use of WPC, which has become more visible in Tlrkiye in recent years with its
application in open space/plaza arrangements by metropolitan municipalities and in
some residential projects, has gained momentum, especially with the increase in
construction projects supporting detached living. It is observed that WPC is increasingly
incorporated into the architectural designs of sites/residences used in interior spaces,
exterior cladding, or landscaping arrangements. This trend is expected to continue
growing with the effect of competitive pricing policies and its share in the construction
sector is expected to increase.

As a result of this study, the use of wood-plastic composites as an environmentally friendly
solution for building materials, particularly window frames in green building projects, is
recommended as a sustainable and energy-efficient option in the construction sector. In
residential and other buildings, WPCs can be used to create more sustainable homes and
provide window frames that align with modern design trends. WPCs will continue to play an
important role in window frame production in the future. In this way, the need for aluminium
profiles used in existing PVC windows will be eliminated. This material will also fill an
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important gap in waste management, providing a balanced solution in both performance and
aesthetics, solidifying its position in the construction industry.
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